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This paper reports on a longitudinal study of the 
acguisition cf the voicing contrast in American-ihglish work-initial 
^bp consonants, as- revealed through iflstrufienta^ aia.lysis of voice 
onset tile characteristlcsi ,Fbur ibnbiingual children were receded 
at approximately tib we^ intervals ir beginhing iheh the children were 
about 1;6* Data provide \yiae5ce for three^ stagesr (1) the 

child has ho contrast^and produces ];»oth .^dult voiced and voiceless 
stops with shortiag voicing; (2) the child has a contrast but one 
that falls within the adult perceptual boundaries of one (usually 
voiced) phoneie, and thus is presuiably not perceptible to adults| 
and^3) the child has a contrast that reseibles the ad^lt cohtrasts 
Three children had reached stage 3 by age 1;9 the fourth child was 
still in stage 2 by the age 2; tt^ in addition^ the data docunent the 
develbpaehtcf the voicing contrast across the three places of 
articulation. ^The rate and nature of the developBentalprocess are 
discussed briefly in relation to two coipeting iodelsfor 
phODologicai acguisition (the *<across-the-board** ibdel and the 
"lexical diffusion" BOd^l) >and two hypotheses regarding the skills 
being learned, (iuthbr) 
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fo.THE EbpCATIONAL/RESaORGES 
' IN FOR M ATI#' ,CH NTe4 : '] E R \C\ AND i 
USERS OF- THE'ERic'/YStEii/^/' ' . / ; 



^ CFhisJ|^6^tt a longitudinal study of^ the ^^.'^^^^^^ 

of the VJbT^rng contj^^Pg^n Araeric^^ word-initial stop cbiisobjint?, as' . 

revealed t^jrougjl i4^rum<^tar analysis^ of yoice, onset time" character isticg. 
Foui\ monoli^j^al/. \*ete recorded at -appi^^imately tyo'^we^^ 

Seglhnihg ^B^^ ^^^ildrefr were about 1; 6. Data provid^ ^^vide^^ three 
general sta^^^^^^^^^^^^ has no contrast and produces bot^ voiced . 

arid vo 1 eel e sp^^Ws^J^^^^ f^^r t lag, voicing; /(2r the child h contrast but 
one which ^^i3^"^^lthltri;^ boundaries 7^^^ 
vpiced) _ pfioneitl^.^^ thu%^^s,*^resun!ably not perceptible Wad^^^ and (3) , 
thg child .has i^^^trast ivl^ig^^ the adult. cbntraS^t^^^ Three children ■ 

had Reached st^ge 3 By age^'irs;* the fou^ sta^e 2 by the 

age 2; 4. In addition, t*te 'data document * the d^yelopment of/ the voicing • 
contrast across the threi? places of articulation. The/^^ of the 

developmental process are discussed briefly in tellxlbh 
Sodels for phonological ac^isiti'bri (the 4cr^ model arid the 

•lexical diffusion' model) and. two hypotheses r^ardirig. the^. skills - being 
learned-^ 



1:0 Introduction 



This paper reports ^ri a iorigitddlrial study of the acquisition ^ of 
the/ voicing contrast in Afflerican-English^/ ass reyealed- through instrumental 
analysis bf voice briset time characterist^s of Wbrd-initial stop-^cbrisbriahts. 

"1. fFi^'s "esear ch Ts part of the acti#ties bf the Stanfbrd. Child Phonology 
Prbject arid has been suppbrted by a Mtibrial Science Fdundatibh Grant (BMS 
.76-08968) to- Charles ' A. Ferguson affd/>= Dorothy A. Huntington, Depaftmerits of 
Linguistics and Hearing and Spee^i Sciences, ,S University. We 

gratefully ackribwledge their sUppbrt during all phases bf the research. We 
would also like to thank Hafold .^lumecic^ _John- Kingston, tise Menn, gafl 
Muller, and Deborah Ohslek for thejr assistance af various stages^of the data 
cdliectidn arid analysis. A shbr^c vfersion of this paper was given October 
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■ . 4 . ■ . ,'• ■ , . -75- . ■ : 

-/.• ' ■. . , - • ' . • ■•: • • 

' ' , Althougi! the glottal features related to the voiycing contrast -ard' 
among' the most cdntroverslal in conLtempprary phonblogicaly analysis (Chdms 
and; Halle ^Sg, 326-9; tadefbged ;1971^^^^^^ it^i_s genefanV agreed that a 

single phonoMeiCal voice distinction in any language may consist bf a number 
of relativej^ffi^fod^pend^ phonetic, components which nonetheless ^ tend to 
covary. Tlij^^^KOli the articulatory and perceptual^ elements ' which are 
relevant tp"^ ^w^qnological , voicing contrast, the which has probably, 
received, the ffldst 'attention is voice onset time (VOT)',j that • interval Between- 
the release bf stop cldsUre and the onset of Vocal fold vibration, 

■■, • - ■ . ■^•■-^ j-r:/.-.. 

Lisker .ahd Abramsbn in their seminal 1964 ar/tic:.e claim that VOT is 
the single, most reliable feature separating voiced./ voice I'ess stop cognate 
pairs in languages of the world, regardless of /he conventional feature 
desig'natibns used in descriptidns of those langjiiages;/ the eleveri 

languages they studied, three c^tego'ries of VOT, emerged: . voitihg lead where 
voicing begins about 75 to 125 miilisecohds (ms)1^ prior to burst release; 
short lag, where voicihg begins from 0 to 25 ms ^^ter the relea-se; and long 
lag where voicing begins 60 to 100 ms. after the btn^st. The median values for 
these ranges are -IDS msi +10 as and +75 jbs %respectively (tisker and Abfamion 
1964). In English, the voiced phoneme is typically short lag (^1 though some 
speakers use some amount of voicing lead)^ yhile* the vbieeles? phoneme is 
character.ized.by long lag. /" - . 



Because of the Lisker liid -jflnDramson cla>m- -which has received 
substantial Suppdrt frdm the findings df dther reseatch^rs--that VOT rqllably 
distihgutshes voicing stop cognate pairs in initial pbsition,^ and also 
because 'there is a large literature documehtlng/the VOT characteristics -;of ' 
Voicing in the speech df adult speakers df English, we have* clidsen VOT as the' ' 
unit, of analysis for our study. We a-ssume thgn that as the child^-acquires 
productive control over voicing, VOT values/^ill change- oohcomitahtly^^ oyer 
this- time peridd. We will define the presumed goal 'to which the child is*, 
prbgressihg as those characteristics bf adult English stbfK phonemes described 
in t'he litefatufe in tefms o.f VOT. The aims of bur sttidy-are_to specify the 
temporal characteristics ' of very young children's $top productions, to 
determine the age at which children acquirS the ^d icing contrast in English 
and td document the pfdcess by which it is acquired.^ 

' With, respect tb the age at which the Voicing cbntrast is acquired, 
there is wide msagr^emeht in the^ chil^ phbnolo^ literature. The age at 
which English §peakingL children acquire voicing 'in i.nttial stops apparently 
may vary frbm 1;3 td 2; 8: 1; 3 and 1; 4 (Mdslin 1976)j by If ? and 1; 11 (twb 
subjects iB Barton 1976); 2; S (teopold 19473;- 2;1 (Velten 19433;. by 2;;2 (one' 



2. This study is part df a cross-linguis.tic study of the acquisition of the' 
Voicing contrast ih initial .stbps in English^ Spanish and Cantdrrege. , Data. : 
from the other laheuaces and crbss-lihcuistic cbmoarisbns will be treate5d in' 
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subject 4n Bond arid Wil soif 4977);^ '2^^^^^^^ 1973). Dodd 

1'975 repbrts ,that -fi^ve 'chirdren iio ;;lpnger. err'ors after the 

age range 2;-S to 2] i U Two receSi ' cross-sectional studies sfiow that many 
Engi ish-speaki'ng ^children acquire contrast by at' least 2; 6 (Zlatin and 
Koenigskiiecht 1976; and Gilbert :1977>. . A few of children acquiring 

languages other than Englis]i--languages which -have* at. least a contrast 
between short and- ,iong_.iag '.stops--r^^^ ages for individual dhildreit as 
- follows: 1; 5,^ Gerinan (Loreniz, pers. commun.); 1;'?^ Gafo (Burling .1959); and 
• - : ' 2; 0, Hindi (Srtvistava .1574; specifically Voiceless^ Unaspirated by , 1; 1, 
pfevoiced by 1; 4, voiceless and voiced aspirated beginning at 2; 0).. Lin 1971 
• repdrts that tVe^/cJiildren acquiring. TaiwaniSfSg still, made errors* on the long 
lag stops at 2; 0^ > The. differences be^^^ findings of these studies rib 

doubt iri part stem from dtffererices in methodology. (e..g. the c'f iter ion 
adopted for determining 'acquisition'), but there are' undo^tedly^ -at* least. 
some Individual differences between the chiliiren studied. - r 

' Iri cgrvfoast to the disagr'eemerit on the. age at which the voicing^ 
, contrast is acquifedvth^ o^^rwheim|n^ agreement on wft^ type o| voicing 
vis used fir^t by chudiren. Ja1cobson,^nf. 1941^ accufateiy^ "so 
; long as' stbps/in chi^ language are not, split' a the behavior of* 

the glotti.s^/lthey'^ as voiceless'' and* unaspirated" ' 

' : (1941/1968, /i^43T^^ In ail' the studies !we 'surveyed, ^the . children studied first 
. .used short /lag stop's . Ci..e. . 'vo^ce^es?; and unaspirated' in Jalcobson's 
termiribl6gy>. Kewley-Pdrt and Prestbn\1974 claim that; short . lag stops are 
used first /because they are >artif:ulatorily e&sier to control than either lead 
or long lag stops. ^ * ' ' ' • 

* ^ Whiie the' literature substantially demonstrates vthe priority of 
' , short lag stops, dif feren^t studies provide conflicting 'data on the questidri 
of ^liether -children first Acquire a voicing contract in a particular place of 
' artr^culatiori (before other places), arid -whether the^ rate/df acquis! tiori, once 
begun, : is rapid or slow. as the voicing contrast spreads through all places df 
^rticulatibri, all words arid all .types df speech (e.^g.. S^ritariedus Versus 
Imitated ^speech), Tqwafds. our -goal of documenti^ng J^tie process of 
acquisition, we examine -'stops at all three places of articulation, - Mn ^ 
Variety -of different 'wdrds, and in several* types of speech, ajid* we exaiirie , 
* ' develop mental chariges iri '"the data' f or ' eViderice suppidrtirig the two , major, 
cQmp^tirig models which liave been Sdv^nced to describe the. rate arid 
' \ characteristics of change in phonology acquisit{on-~the ^across-the-bo^rd*' 
mddei (Smith 1973) arid the 'lexical diffusion'; mddel (Hsieh 19^712 arid, Ferguson 
and/Farwell 1975), In .ordir to look in depth at "^he acquisition process^ it- 
y.^ w(a^( necessar;^ to restrict our analysis to word-iijitial position; thus,, we 
;wiil ridt prdvidp data on whether voicing is abquired differently in diffeferii 

, v/po'sitidns of the word.'' . - . 

/-J-^„„^ . • > - . ' ■ 

; /3. :ln_gener.al,« chiidren appear _td learn the vo'tci rig distinction among stops 
' i/B initial position^before in other, positions in the word; however, the' 
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. ■ ' . f - . ... 

■;• ^ ■ . - ■ , • ■ V ■ ■ . . ^ 

2.0Meth6a* • . : - ^ ^ \ ' ; ■ . 

; . ^ * ■ • - ■ ■ 

. * : 2.^ Subjects >t . " ^ ;^ • ^ 

v;^ ; ^ ■ ' 

* Hpjie Interviews wi th pr.osgectlvje ;subjec 

•conducted to determine the degrc bf^co'operatioh, 'the verbal level/ response 
to picture books," and appfoxiSate vdcab^iafy_ size and^pfionobagical system; of 
the chiidr^en.;/ tour children were selected tp^ be .^subjects because' they were 
SbholihgUal speakers of English with hb aJtbl'lngs of $cSbbl agCj they were 
pfod'ticing it ieast_ some initial, stop worjd.s, they^-^^^i^ evidence 6f^ normal 
I;anguage development, and they appeared/to ^ Table 1^ , gives ! 

pertinent d^ta p , the four .subjects, who will here be idehfified as Tbm, 

'T^ssa> Jane ^nd Jay^; ail ^jjbj^cts are children of- jirbfessiohal: parents 
eithef one or both'.of whom have. advanced degrees. '-^ . 1 



Both parents of at! the. children except Jane are native speakers of 
^Lmeri can-English, Jane's mothe'r was born: in Canada, but ^has- ^spysnt . the last 
six year's in the United States. / It was* not expected that the slight^'Cah^diaii; 
accent bf . Jane's mother (which /jioticeably bnl^ affected .^ome vowels and the. 
stress . of some j^words) would' effect Janets Acquisition of voicijig. None bf_ 
'the parents speak a language 'bther than English in the' hbrne^ and hbne of -thS^ 
children had .^e.eii ■ exposed *t6 a language other than Jnglish. i. ... 

" ' Xoffif 'Tes^a, . Jane and J^y were ^using betweerr .SO.;and lOO .w^^^ the 

beginning ^bf ' repbrding: w^ -they we^e/^l; 6. 24^ 1,% 28,; 1; 6. 1? and 1; 7. 9 
respectively ja'ges ^ are .giv^n in years, mbnths and days3r; Audiometric' 
screening of the children 'was done by the staff of the Audialogy Clinic,, 
Stanford Medioal School;* all children, were assessed as having , normal hearing. • 

" 2Vl,Data cblleotibn ^ ^ : ' 

The^ children were seen /apprbximately *eVery two weeks for ah eight- 
. fidhth pe^ibd• All the chiidfen were seen weekly for a Short period of ti-^e 
* at the beginning'of the study. One subject. Jay-, was seen' an extra tHre^ 
' times after thg" study had been officially ended. Since Jay's family moved to. 
Boston at the end of the stud^, the la^t sessibh was recorded, under • 



,4. ^ insure that^ this study would have long itudinal_ data from four 
children, a fifth child was recorded; also. Jiad one of the. first four 
withdrawff. f rbm the studyi the fifth child would have become one of the four 
subjects. Since the first four- stayed in the study, d/ta frbm the fifth 
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SAibfect; 



Sex 



rlrsc 
Si^sibn 



^ _.4^ 

Vpc?bQl.->fy ' 



'Siblings' 



.Dialect Ae/p. 




TISSA 



-Ay. 



;-l;6.34 



1:6.19 



1;7.9 



2'; 1^.3 



2;b.lO 



2;4.2 



75 ward?' 



, 75^100 



50 wor^s 



3rothier(2 
yts vrtunger) 



M:_Caiifornla ■ 
^•^httpdelphtp 



Caiifprnl;* 
F: CpltfomiP 



M: New York 
S": ?lew York 



Table 2. 


Age and 


ntinibisr of 


tokens* 
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•subject 




























TOM 




•TESSA- ■ 


<r 


•JANE. _ 




^AY 


Session 


Ag^ 




Age 


^ Tokens 


Age 


4 Tokens 


, Age 




•1 


l;6'24' 


35 


1;4.28 




i;6.19' 


32 


i;7.9, 


31 


^ 2 


1;7.2 


25 


l;5.2' 


■ 199; ^ . 


•1;6.22 


56 


1;7.16 


44 


3 


1;7.7 


66 


l.;5.18 


186. 


l;6./9 


26 


1:8.8 


46 


' A 


1;7.21 


43 ' 


l;5.3b 


13b: 


i;7.12 


■ 27 


1;8.20 


43 


3 


l;8.29 


100 


1;6.15 


94 : 


i; 7.26 


33 


1;9.4_ . 




6 


1;9.12 


53 


-1;7.6 


157 


1;8.20 




l;9.22 


53 


. 7 


1;9.23 


93 


1;7.13 


99 


1;8. 24 


*39. 


1;10.5 


92 


8 


i;io.9 


100 


lr7.27 


168 : 


1;9.15 


77 


1:10.15 


100 ^ 


9. 


1;10.22 


117 


1;8.10 




l;lp.7 


96 


1;1X^2 


83 • 


10 


1;11.8 ^ 135 
1; 11.22-^122^ 


1;^*17 


142' 


i;10.l4 


94 


l;li.l4 


72' 


■11 


1;9.2_ 


175 - 


1;1J.0 


140 


.2;d.0 


137 


12 


2:0; 5 


118 


1;9.23 


174 


1;11.16 


108 


2;0.14 


176 


13 


2;d.l9 


197 


1;10.7 


«217 


1:11.28 


99 


2:0.28 


160 


14 


2;1.3- 


109 


i:10.21 


169 . 


2:0.11 


56 


2:1.12 


159 


15 ♦ 


2;1.17 


139 - 


1:11.11. 


" 139 


'2;0.25 


79 


2:1.25 


162 


16. ^ 






2tO.-tO 


132 . . 


2;1.16 


94 


2:2.2 


177 ' 


17 : 














2:2.9 


135 


18 














2:3.0 


129. ' 
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coinparabJLe recordiVg conditions, at Boston University. ^ fable 2 gives the agis 
, and the nUinber of"' correct • nop-in 

session." .v'eorrect' means that the childj;s^^ a stop of 

the saitie place- of articulation as the initial stop in thfe, adult \^ord, 

' ■ • ^. ■-' ■ • 4' ^ ■ j - ^^ ". • ■ ' ■' ■ 

- ' \ • ; / > : v ::" ' \ . ; 

/ ^ EaVli ^se-ssiori; Was cohaucted i,n a high quality^: souh^-isblated foo^ 

* ' ()^iih associated coatfoi 'room) at the ^tanforBw Speech Kesearbft LaboratoTy, 
/ RedoVdings ^s^e ' on a Revox A77 tape recorder with a Sony Eljectret 

* : in|.crbphbh.6 Which Was attached to 'a soft cloth\ Vest ^hich the child. Ware.- Iii 
, ^ mast cases, a pireht was -present. Al} testing wa^ conducted by the same 

.expe^rinmnt^r, a native speaker of American-English.. Thej^bserv^er, who sat in 
'the control rbojp, ran the tape retotder, took ndtes ofi jin sessibh and kept, a 
tally. of^the nujDber of stc^-initial Words produced byXthe child. f^Df a^^^ 
: stop conspnatit$, * * . . r . ^ . . . * 

• , Sessions, were between twenty^ and thirty, minutes Iqng,^ ^ The goal for 
each session was to obtain at iQ^t fifteen tdkens ;^^^ eacti ^s^^^ 
The observer- would indijCate towards the end of the session that ^ certain 
.number ^of wotds - be'gmhing With particuiap stopi were needed. The-- 
experimenter would then focus on words beginning with those stops. This' 
_ number Was ^estimated tb be the maximum number ' of tokens which, we could ^ 
reasonably :.expect to obtain from children aged 1; 6 and the mi niiura' number of 
tot;ens required for statistical analysis. During the earl test sessidhSj it 
w#s; difficulty hbWeVer, . io bbtain ninety target'' items, (fifteen tokens per ^ 
stop) fFom three of * this four children.- ^ / 

^ Stimui as .materials" included 'a specfaliy' constructed stimulus book, 
^several, chil^ren'^s picture books, ^ a- small wooden puzzle and many small tbys.^ 
/' Word li§ts Wer^e obtained freqUejitly frbm the parerits;^ objects fbr: br .pictures 
*oi stop-initial words that each cStid_knew were then added to , the stimulus 
materials. ♦ ' Occasionally the parents brought toys^r books . with*. which the" . 
^ _ chiiS Was/fapffiafc. .'During the sessions the childfeh playeci with -tlie t(^ys, 
« - '" looked 'at pictures, /and -Were encouraged. to speak. 

. ^' ' . \ ■ ■ .' ' ^ ■ ■ . " ■" , , . 

" : /• /Sinee. we'vdiscovered that all the children used . few g-ijiitial words 

(at least' a.t't;he'''^eginning of the study) and that fej?er prinitial 'thah\b- 
ini tiaKWcTrds 'were ti^isd by at least some of the children^ We IntrbdUceci a f ew 
words '{e'. g. ^ goat , jtate . and bejiny ) which were tfien leaf ned at some^ point by 
the children. Particularity for g- and ,p-initial wprds, we relied heavily on 
the parents wJlo» Would either bring the child's toys (e.g. .EigiJl) br wbiild 
help us sBt up james. which would elicit a pa'rticular^word from an tndiyidual 
. child (e.g. , driving a car inte^^a prete The lexical, asymmetries 

'■ ■ . ' for each, child wi41 be disQulled ^n the results sections. In gehlra'lj the 

5. We/are grateful to"^ Linda Wa|?on for cohdficting "this session and to Jay • 
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maibrity '0^ words p'r^oj^uced the chi werie. either single syllable words 
;: (pf the* fbrnj CVC) or tWo syllabi! 'w^ initial sj^lable stress; in the^ 

earliest ses'si6ns,\ali' the child produced more b-, 3- and lc-in|tial words 
than words ijeginning «wi|:h p-, ^'t- ;and^g- (although the frequency of d- .and 
: initial words was dfterl siiilar)\ VThe instability of /p/ ahd /g/ in ^tdp; 
systems tff languages of the wbHd has b^^^ by Samicfeiidze •19^S"^and: 

Ferguson 1977. ^ . ^ ^ ' 

^ . j . • ; 2. 2 Data analysils ' . . - * 

All tapes were transcribeti, by a rejlarcher using a Revox A77'' tape^ 
recorder and.-listening uhder Super St-pro B-V. head phones. ^ The tape script 
;iScluded all wocds... that the ^ oBild. said; however,, onl^y* fhose 'target words', 
that the- child said were phonetically tra^ Targf t^ords were those 

that began with a^n ihitiaV singleton stop .£h the adult model and for -which 
the child produced a stop' of .the correct .place of articulation (as judged by 
j^the transcriber)^; see Table '2 for the total -nuSber of such words produced on 
"'.each session bjr each_child. . -^For . these words^ the initial- phone wa'S 
traftscribied narrowly and the jest of. the* utterahce somewhat more broadly. 
The^ transcription . s^ste^ used 'is that of the^ Internatior^l Phonetic 
Association with a supplemental symbol ogy; and diacri-tlc system devised by the 
^Stanford Child Phonetics Workshop ' v 

■ ' • ' * ■■' ■' • ■ * . ' * . '\ - ■ ' ^ • 

Preceding context 4nd>-the gloss' ^were, noted; for productions.^ 
The /following system . oi ciassincation was< used for all r tokens: 5 ; = 
spontaneous; I = imitated; 'R'= repeated (i.e. a Repetition 6f the child' s; owri 
pr^vibuV utterancej; E_ eiicited (i. e: th'e; c'hijd's^ respbhse t que^tion^ 
nox containing the t^p^t word, aske^ by 'the experimenter); ' and M = modelled , 
(i.J^. the child's prc^uction of a word .sp6Keh by.the ;experime^ 
intervening speech either chiidr or a^i ^ ' 

:z.^> wDf. the biweekly recorded sessions,, ^approximately four anchor point 



6. Al though conspnan harmoriyv is a widesptead phendmeh<5h in' child phonology 
(see Yihrnah 19>7),^ our subj^ts, who were evidently beyond the consonant 
hafmQny stagei rarely mad the productions 

showedrplice er.rors). Nevertheless,: thej 'correct place of articM^^ion' 
criterion was required to insure that the English data would be comparable to 
those cb^lgcted from the P^^^ Cantbhese subjects, who produceci 

more harmSni zed;/ forms: in all three studies then only 'correct^ stops werS 
analyted..;; Although we know of; no' study which dem^strates that^ during the 
stage when .voicing; is nor cQhtrastive, a stop substitute in a harmbnized 
pfoductibn Cerg^^^ [koki] for doggie) i^ any different from 

ottier stops -of the samq ' place (e^g. [k] in [koUt] for goaA or the _[k] in 

•Tt'T't'TI 'fny* W 1 1 \> -t* hia rS/S e e Vs-t 1 -fv : i'hai' cii<rh rVVS/SvS ' o v«a /4 ^•P a a 4> ^A^i^^^ .•^^4. 



sessions from each subject/were selected for instrumental analysis, ' the. 

purpose 'behind selecting anchor points mi to sampla. t)irbughbUt the datai 
V/ • Thus, these anchor poihts were at ^;^approx|iately two nidhth intervals^ 

beginning with the first sessions and ending with the last ones. Howevefi in 
^ the earliest sessions^ not all the children jjroduced the 'requisite fifteen 
; tokens of each stop eonsonant; for tfjese. children, the -first two or thr^e 

sessions were cofflbined into one anchor point if the sessibhs- had been 
' conducted at clos^ time intervals.' Thus, in some cases, data from several 

sessions were these cases are clearly' identified in the tables// 

^ . Wh(5[n- two . oris^iDor« sessions were combined^ .,e<?ual, propdrtidns of stops were 
' -'^ taken from -each session. ' ^ 

\ ■ ■ . * . . ■ < - ' . • 

, Wider-band (and in some c^ses^ narrow-band) spectrograms Vere made 

. ;af the /first fiftefen tokens of each^stop type on a Kay Sonograph 
'-'ADC, ViU^ an _added_ custpiD. shaping circuit '(HS2j. 12 db high frequency pre- 

• efflpha^s)^i ' To acffieVe .bette temporal resolution, utterances; i?ere recorded 

^ the' Kay in the 168-16K mode (which resulted in a- time base of .41 ms per S 
. centiifl[eter* and a scanning filter width of 600 Hz) and were ireproduced with 
. scare; magnifier set at 0 to 50%. Measurements of VOT were made at the saSe . 
. ^ time bn'a Tektroni^ .D^illoscQpe with storage capability (Type ^4), which 

was used in conjunction* with a locally designed and constructed trigger irig \ 
^^ systjem*; Directly following the oscilloscope measurementj VOT was measured. on 
'7;'the spectrograinCs). When thq bscillbscbpe ajid^ spectfbgram measuf emehts • 
differed by more thaJi \MSy the prqbitm was identified' and then resolvfed by 
further instrumental' analysis. Intall, cases ^here possible - the - time scale' 
tSsed was 2 ms br 5 ms per centimeter. In general^ IT the difference 'l^etweeh. • 
the two ^measurements was. equal to of iess than.?. 4sj they wef§ weraged to 
give a Mnal VpT, value. However, .fqr VOT values greater than +50 ms (i.e. . 
- cases in which the time scale had tp be set*at 10, 20 br ^50 ms per division), 
, fine time fesblutibh was mbre difficult bh th^ oscilloscope /(due, to gf eater 
coinpressioh of the signal in each time division), and greater reliance was * 
placed on the spectrogram measurementt . >lThe - procedures . for ^instrutdental 
analysis and VOT measureifient Ure descrlb^^^ in* the repbrt/ of . bur . 

• pilot study (see Jltintington et al-_1.977). • " 



if ah uttjeifancS presented a problem which the fjssearcher cpjpld not 
sbiye, all spectrograms ^f or the -ft^ presented at. the' weekly grbUp 

in^etings where 'Project staff (fbUr tb sir persons) dis^^^ resolved the 

- problem.^-^-^^ thQ few casesi' w^ could not * reach uhahimqus 

, agreemenc, tlie ut^^ n'bt 'included in the% statistical' analysis. The 

^ oriteria%br rejebtloni of an **utte range from VOT measurement were: 'iibisy* 
£e. g;, ci^j^ihg tbys, during: the xhil 'voice overlay* (where 

an \&dult|^' voice was .siiper imposed over the child's and each 'could, not 
r-eliably^^t^^-separatc^^^ Wrow-band '^^^^ burstls 'fbllowing* 

voiceless vawel'M - _ and . 'copinuous ^ voiding ^(wfi6re vo'ijcthg continued 
uniDterrupted from ]the chiid' is previously vbiced'se^ tes^v^han 71 of 

the. total s^t of utterances frp ill children^crg rejected... , ' >' 
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Each author ca^fi;^d out the trahseription and instrumenfai aha 
for two suiDjects. At approxiniateiy two month intervals, reli.abilityj checks 
Were made. For these checks^ six iteffis>^'werib selected .(usually the . first 
token .of eacff stop consonant * en ay:tap^)^^ Each authbr^j_trahscrib^di 
instrumentajlly analysed and nieasured each item^^ In several cases, the six- 
items had been analyzed by one . or the d.ther airthbr several months previduslyi 
Thus, the comparison : Ciiecl^ vindicated _both i:-nter-^ and in tra-_ ^observer 
reliability. In the reliability'^heck p .(as in the regular analysis 

procedure), provisibh'was made t^^^llbw an observer to label any Titterance as 
a problem which should then be 'r|ferred td the wee^^ grpu^^ meetings. Jfefec 
of the 35 reliability check itemsV were identified as. probleiis by broth authors 
independently. Excluding these three items,, the two. authors agreed .tp witJiin. 
6 ms on 97i of the items checked. ^During the weekly group ineetit^gs^ Project- 
staff ' resolved the problems for two of the three problem . utterfivc'^^^ 
third item was rejected, ' ' ' _ \ ' , 

For each chilxi, ' each, anchor point was analyzed s.eparatelyrf.. When 
definitive V6T values were obtained fo^r fifteen tokens /qf^ six 
stop consonants, separate frequency distributions were; Brawn a^d the mean^^; 
standard deviation and range calculated. •.Tests of significa^nce';^ inade of- 
the differences betweeh'.the mean VDT of the' vbiced and voiceless rJhbnemes at 
each place of articulatibh. Throughout, the probabiiities iiVen are> for one- 
taileS t-tests. Where F values are sigfiif icantj separate variance eistifflates 
are, used; where they are hot significant, pbcrled vai;iahce estimates are used.' 
Ln general, when the differentes between tfeafis were significant, ,they were 
highly sign jtficant, and i*heh' they were not significant, they were not at ai>l 
close to sighiflcahcei Since the distf tbutions^were not completely normal, 
'in tha^feK cases where differences between the means.w significant, a 

npn-pirametric ,test (the Manrt-Whitj^ey U test); was aisb . Usesl^ ^ in all cases^ 
this- test gave the same^levet of significance as* tfie parametric t-test^ \ ; 

tf uthe • differences betWeeh the means for a voiced-votceless, p^^^^ 
was significant at one &hchpr pbint but not- ^ the preceding pointy |he 
intervening sessions were ihstrUmehtally analyzed to d^termih^ more precifsily 
the point of change^ * If the differences -between^ the^'^ieans :fo 
not significant on contiguous sessions of' an.chrof.j3o^ the .data f rqm-these 
sessiohs^ were cbmbined for additibnal statistical '^^^^^ the differerice 

between the means for qach pair from the collapsed; sessions were 
^one-taired t-tests) i and a two-way anal y si ^ 6f variance was' carried out. 
Thusi there are two separate cases in which- data fr<)ffl separate sessions were 
collapsed:'^ H) cases in which the child on' early sessibhs did np^^^^ 
the requisite fifteen 'tokens per ;st6p; and (2X •Cases in which the data did 
noj^, s.how a^ consistent ^significant • dijEfer^nce across; several cqhtiguous' 
sessi&ns. .The decisibh tb collapse, data. in the^ later ca was iSjotivated l?y 
the assumption that if ho significant .'^.ahge occurred^ 

the ' aata_ .from that tiie j>eriiDd re^fesrented a single 'sta;ge and thos were • 



3. 0 Resul ts 



r ^ Data' from individual childreri ^Will . t)^^ discussed in sections 3, i ; 
AJomh 3. 2' (Tessa^j- 3, 3 .(Jane) «nd i (Jay)v TaBie^. Zy A] S, anS.e tontain' -V 
'the mean VdT,^number ortofcens^ st^daiil tfeyiatlon and •■range* of productlbn^ V 
. for; eacli stop, cbnsonaht oh \each se$S;ioh>''ana|yz.ea for each of the children? ;. 
Also inciuded in these tables ape- the, signiftc^rice levels^ for 'tlie 'diffpf^nce. ' 
between the ineans for each .\ yoiced-vok^ress ; pair for each session; ♦ 
significance leY|ls.^^^ ar/^or on^K tailed t-testsv Figures 1, 2i . 3 arid 4 
'plot' the* r^nge of ' individual tokens of each stop cohstjnant in 'each session of ; , 
'^Toffl, Tessa> Janis anci ^espe^btiVe^ table and figure- for each/child* s 

data Will .appear in the apprapriate section. 'The discussibn' in section 4;..0i -- 
will focus dn the similarities an^ diffefences across children. ' 



. . V' \ the fpUpw^Jng sections, reference will be -Wde 'tb^^'^prlmarily 
three caj^4orlei df ^data: Uerms^ir quotation marks wil^ be, given precise. 

• def^itijjpin. the fpltoW parragfaphs). CATEGORY I, : Data show no eviaence' 
for - th^Kjuisltipn . 0^^^^ for ^both, the voiced' ind 

voiceleSFstbps ; f^ll withiiy- the "shorty lag regloi)" Jand;' typical L show" the - 
same incidence, of prevtftcing); fa^^ between the means for each' 

pair of stdps. is -notj significantly- different, ^ nor is j^re i con^isient 
reiationshiip between the* means such that over a number bf^essio^ns,' t^Cne^an 
ft)r the .voiceless stop /ii- ^Ivays longer than the mean for the voiced^ stop, f- 
.eAfEGORY li. Data pEovide evid^ theliacquiisiiion o|' a cpnt_ra.st| which 

IS, however, not adultVlike: the 'differenc|^-.b^ the mean VOr values of 
the vo.^ced-vb^celeSS•^st9ps Is^sighlflbaht- *fet. values for both 

the voiced and voiceless sto^s fall , Withi5^^;U perceptual "ph'dneme 

boundaries" for- the voiced stop: CCategory -t^ to within, these 

boundariesv (Gategory U-B). Categbry II-A d|ta are^partlcula^^ 
because the" contrast that /the child is making is presumably not perceptible 
to adults. *F6r ^ategory II-B-data, adults would 'presumably have difficulty 

•recognizing the^* cbntrasti ^ since ^ the majority, of voiceless stop tokeirs 
typically fall within the adult pefcep:tual boundaries for the voiced stop.' 
CATEGORY MI. Data resemble Madult values":* the aeans'^'f or the. child's 
voiced and Voiceless stops fall-withih the appropriate phoneme boundaries; in 

Category liirA, the means for the voiceless stops (arfd . usually the voiced' 

itops also) are cbnside.rablyUonger: than ^^^^ means, and in Category. III~B, 
the melrfs for the vbiceiess |S^^^^^ shbrteneS back 

jtow^rd adult V mean sV It app^ that these categor^^^ in -^^act reflect 

three generaV-^ developmental -Jtages^ as presented ' (see -^ectlbh 4/0^^ : 



4 We v'wlll^dopt-the following, convention the phonetic 

regifiris 'on thev VOT cbhtiriu^^ - The "short lag region" ,^w 0 to +26 

for.Vlabiai and alveolaf' stojis (fbllowihg Kewjey-Poft a^ Preston 1974 
(apical s only)! and 'Zlatin and Kperttgslnecht a976\(U apicals)) , and 

Oi'tb +40 is fbr velars (el* Zlatin and Keenigskhecht 1976). This 
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' :deftnittdn e^f shart lag as 0' to +20 ins rfia^ been adapted to facilitate, direct 
comparison- of our data ^tq^ data in .Kewiey-Pof t and, Pfestori on which they 

' . base their: ci^im. .that the* VOT values .foT^. a inajority of Jjroducti-ons -by* 

. ehi:ldreh -of the age we' are . s Will 'fall^ withi;h the short -lag region. 

In- additioni as 'defined, it fits reasonabiy^^well, with the* tisker and Abramson 
^def i-ni,tion of short lag ; (0 to' +2S ms) and, with/ the range ojf short ^ lag 
productibhs reported by those authors for Ei\gli;s"h: /b/ 0. to! +S ms; /d/ 0>tb. 

. +2S ms; ^ {%( 0 tb +35 ms^ We. will need to refer to the ^^sfidrt lead^ region" 

ffiDr . labial^' and^ this: region will be -20 ,to -1 ms (prevoiced yelar 

stops w^r^/^extremely rare}, this short lead— regibn;^which is jidt precisely 
def ined in :ahy Study; corresponds roughly to the Jifele just belbw ze;rb*^^ihat 
.LLSker and i'^bramson state to be the one regibn-'on ihe VOT' continuum whi'th is 

^nqt utilized. Ih voicing systems of languages of the fforld, :The "l5ing_iag ' 
.region" Wiiu be +60 to +100 ms, arid th^ "long lea^^^^ be^-ias to 

\ -75 mi,, following tfie tisker ahd Abfamsoh gen (1964);^: . . 

' To arFive': at ^ome reference point for the adult . language to wtjich 

the children's data' py bi5_.cpmpared,v_^^ use the- adult data' repdr'ted invLiskef - 
and Abx^fflsph 1964, Kiai:t 1975; and Zlatilr*f874. Since these authors ; report-- 
•slightly different mean VOT values for ye^ch . stop, we will as§ume ]that -a ' 
child's^VOT meanrfor a' .stop is "adultt-ljke" if it Talis within tlie range^ oi 
mean VOT values reported for that stop in the aijuit^data: ; /B/ +1 to +11 ins;' 
/d/ +S. to +17 ms; 7g/ +21 to' +27 ^s; /p/^^+47 to +6^^^^ /t/ +67 t0- +7S ms; 
and /k/ +7,0 to +85 ms. ' SeponSarily, the^ child's data will. 6e* judgeS radul 
. like' if the inter-place rei^tiQfrShip is i:onsi$terit (i. e. labials ^hdrter . than 
->lye'olars>: wh-ich^re shorter- thant velars) ::ah*d the ^qhird/s voiced;' and^ ' 
voiceless stops have non-overlapping ragges; (r'tfiitac^^^ 

-reported in\ some 'b^t:;-ndt all studies); "-Presuinsbry, , coinpat^le .adUl't ^H'ata 
(e";g. -fully: conversational) wo^ld show pverlip between :_ran^^^ tha^^ 

, children mjust learn to produce at least fairly di^fet'e categories, 'andjto do. 

*sb, they must reduce (if hbt^'elimihate) the number 'of extreme tokens, v'ltvwas 

:iibt expected that any" of the childrea wbul^ ^show ; all these^: tjfiree- 
characteristics of adult speech. ^ V ; - %r 



In ^discussing Category^ II-A data, vre' will ;:find it heljpiful to 
aiscUs3"the pah VOT Values fpr ttie children's prjddUctidn data, in' relation' tb.' 
the "phoneme houndaf ies" in aHult perception. " Similar to tSe slight 
disparity between figures in; reports on the meari VOT .varues -of. stops- p^^^ 
by ;adul t : Engl i sh speakers, ; there is al sd spine, disagreement as * td the ' pretls^' : 
locat^bn of the Bbundary between the vbfced" arid vbiceLess phpriemes (t.'e>.i:' t^^ 
50% perceptual 'ctbs^-ov^f point)'' in the . per^^ bn '^hglf ihi f 

Here, we. will' adopl: a comprdmise set b^^ ^^igufes: +30 ms • for labial: 'a^ 
alvedjar phdnemes; and . + 50* ms for the velar jshdiieiiies Ccf. "Lisker and Abiam^dn. / 
19^t); 2iatin 1974; Fiso^i and^ J-azftrus ig74;^^and bthers:^. Itfe do^ 
order t6^ have a rQugh idea of the. w^' in ^WhlQh ,an :adul t speakef ^of Enigli|Ji;^'. 
wdUW perceptually - categjorize the early productiigns of : the\ children stud iedi--^ 
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' iijeans fcir both child^ (and the VOT values* for the majority af .tbfcehs) 

fail withiii qt nearly within the b6uhda^ies^^f one adult phoneme, an adult 

• will . either ■ fail, to perteive or at Uast hqve 'considerable trouble 
consistently hearing the cbhtras -that the child is making." i\^e will ftither 
assume that-an adult would categorically perceive the child-' s productions in 
iDpst cases as .belonging to the adult voiced phoneme, and suggest thati since 
the child cdhtihues to, improve thi^ contrast in the appropriate direction, it 
appears 'that the child' doei so in the absence of d^ect positive 
reinforcemerit from adults. i . 



. * .'Yet vfc assume that speakers of any • language may learn to modify 

their perceptual isets as an adjustment to the speech of unusual speakers 
(e.g. fdJ^eign speakers of English) dr. to : UnusUal listening circumstances 
(e. g, as oh a _telephone line^ It is possible that wfth repeated 'exposure to 
the childVs speech, i parent could learn to hear the child's contrast. We 
will assume that there must be limits to such perceptual adjustment. For 
example^ Hirsh 1959^ Hirsh arid Sh^rrick 1961, Stevens and Klatt 1974 and 
Pisoni .1977 claim that roughly 26 ms is the minimum amo6rit of difference 
between the temporal onset of two events--such as between a burst and the 
onset' of vdicing--requi.red fdr a listener td ' judge the twd events as 
seqUeiitial, a judgment^ which would be necessary to the identification of 
English phonemic vpicelessness. If approximately 20 ms does in fact 
represent the lower limit on.the region of perceiyed temporar drder sequence, 
it wduld be impdssible for an adult (using only VOT as the^ perceptual cue) to 
hear the contrast that Tessa,^ for example, was making between /b/ and /p/ on 
session 6 when the VOT means were +5.07 ms and +14.43 ms respectively 
(*p=. 029) and where 84*> df all tdkehs fell within the 0 td +20 ms range. 
Whi:}e the psycho-acoustic basis for the perception of voicing iri initial 
position (e.g. the +20 ms argument in Pisoni 1977) may be disputed, the^ 
categorical . nature of adult perceptidn is ndt, and it is Ultimately on this 
basis that we will* assume there to be limits to the perceptual modification 
possible in natural language tise situations^ 



In these cases where the children were, achieving a significant 
difference^ between the means and yet where both means fell within the 
perceptual boundaries for one adult phdneme' (Gategpry 25, Ke--as trained 
phorieticians~-do riot believe that we. jpan reliably hear the coritrast (except 
for those tokens that fell well outside the boundary), and we were in fact 
surprised by the results. Since VOT is dhly dhe of several acoustic xues for 
the perception of voicing in Jnglish, it is possible that some other 
attribute (e.g.* burst amplitude or fundamental frequency of the following 
ydwel, etc. ) could be found in the children's, prdductidns and used by ah 
adult to perceive the contrast; again, we can only repeat that,'we could not 
perceive the diifefences. eiea7ly, the perceptibility of these early 'within 
one adtot phorieme* coritrasts requires further irivestigatibri. ^ ^ 

7.. A pf ellslnaty . study d.h this issue is plahhed: phdhetically trained 
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To evaluate these early contrasts ^ahd the siail^^^^ (^within cfee 
adult phonemeV) cases where over a large number of .sessions , the melart VOT fW 
the adult Voiceless phdnenie was consistently longer than and yet . hot 
significantly different from the mean for the voiced phoheme, we*examihed the 
variables of: (i) vowel height; (2) stress; (3) individual words;_ and C4). 
,mode of elicitatibh. Botha higH vowel and a stressed vowel (Variables 1 and 
2 fevs'pctivel^);';;^ l_.ea.§;t som^ r.e-^earchefs to^ leQ.g.t§en 

^the VOT of a j?Teceding voiceless (i.e. long lag) sto'p and in sijme c 
affect the VOT of a preceding short lag stop (see Klatt 1975 and Smith 1975 
^n vowel, height; and tiskef and Abramson 1967a and Kiatt^, 1975 on stress). 
The lexical diffusion model of sound change (cf. Chen and Wang 1975) 'may be 
interpreted to predict that when the Voicing cdfitrast is beginning to emerge, 
long. lag values would be found first in a few words and thfen gradually spread 
to other- lexical items; thus, the difference in the mean VOT between a voiced 
and. voiceless stop pair could be achieved by the values for a few individual 
worjds (variable 3). Barton 1^76 found that ^for some children the voicing 
contrast was correctly produced in imitated utterances earlier th^n in 
spDntaneously pr<5duced utterances (variable 4^. In all casesi no cdrrelatioh 
was found: thus 4t is not the case that the longer mean VOT^values' for the 
voiceless stops (in Category II) were caused by a greater incidence • of 
voiceless s,tpps in stressed and/or high vov/el enyirdnmehts or in imitated 
productions, or by the behavior of individual words. Thrbughbut the corpus 
for each child, tokens for any particular word showed the same range of VOT 
values as the general range of VOT values for the stop consonant as a whole 
(a few exceptions to the general pattern will be discussed in the fbllbwihg' 
seetiohs).. Of the four variables, ^stress was largely irrelevant, since 
nearly ajll of the children's productions in these early stages were one word 
utterances of initial syllable stress stop words. We conclude then that such 
consistent differences (a.lthbugh small) between the mean VOT-values fbr the 
voiceless .and .voiced stops indicate some attempt oh -the child/s part to 
distinguish in prbdUctibh between the members of cognate pairs. These 
analyses were done for data in Category H and, will be mentioned below where 
appropriate. Since no similar analyses of data in Category III were carried 
out, we therefore do hot rule out ^he/pdssibility that stress, for example^ 
may have 'a significant effect on long lag stops. 

In the following '-sections for each child, we will discuss the data 
for each child in relation to the three categories and in relation to the 
perception and prbdUctibh characteristics bf aduit vbicihg described abbve; 
the main goal will be to describe each child's individual path of 
development. In addition, each section will discuss other characteristics 
(in sdme cases, ididsyncf.atic) df each child's prdductidns, as fdt example 
the distributibn of initial stbp wbrds in the child's vocabulary ("lexical 
asymmetries''). 

students 7un faint riar with the results of the present report) will be asked to 
transcribe approximately '75 stops characterized by . very short VOT values 
(i,e. ^34 liis); the stimulus items td be transcribied are a randdmly selected 
subset bf Category HA data frbm Jay. 



-At tihe beginning of the . studjr when Toffi was 1; 6. 24, his dat^ 
revealed a bias towards words beginning with /b/, /d/ arid /k/ (figures* below 
are for the total number of different w6rd$ and tokens produced on sessions 
1-^3): /by^: 12 words, . $4 tokensj ./p/ 6 words, 15 tokensj /d/ 7 words, 40 
t.bfceiisf /t/ 3 words, 5 tpkensj /$/ 1 word, 2 tbkerii; /k/ 7 words, 26 tcJkeris, 
: Thi^distHbution w^ fi'tTtt^^^^^^^ 7*f Since not ^enough , 

tokens of /t/ and /g/ were collected from tlie first anchor p61nt _ (scsslonis 
through 3), sessions 4 apd (5 were also. anal yzedT j Only the dSta from session 
5 will be presented* since^ sessioa^4. contained only 1 /%/ token and no /t/ 
tokens. ^ ' ' 

• . ■ * 

Tbin's data shovr evidence for a significarit vbic^ contrast at all 
three places of articulation throughout the- study;^ although the mean VOt 
valU(3||^ for voiced and voiceless stops usually fell within the appropriate 
short and 1 brig lag regibris, there were sbme changes over time, 

• ^ • . ■ 

-■: 0n- sessions 1-3 (1; 6. 24 to i;7. 7), the meari VDT valuer for /ptfc/ 
are considei'ably shorter than adult mean values (eategory li-B)*. The ieai> 
VOT Values for /b/ and /d/ are within the range of adult_ /b/ and /d/_mean 
values (the mean for /b/ is +7.5 ms, excludirig rie^atiVe VOT tokens). Tbm's 
two values for /g/ are similar to • his means for /b7 and /d/ but are 
considerably shorter than adult /g/ values/would be.-' (Table 3). ^ 

Although Tom's mean VOT values are not adult-Uke, there was very 
little overlap between the ranges ^for the voiced , arid voiceless stops, and 
Tom's contrasts were generally perceptible to adults. -Only five /p/ tokens 
fell iri :the shbrt lag region and si_x (401) fell within the perceptual 
bbundafies for the adult /b/ phoneme. For the alveblars, althbUgh there were 
only six /t/ tokens, there was no overlap between the /^^^^^ 
arid ribrie of the /t/ values fell in the short lag region; however, three of 
the /t/ tokens (50%) fell withiri the adult perceptual boundaries tor /d/. 
Stroiiarly, for the velars, although there were only two /g/ tbkens,' bolth were 
short lag and only three of fifteen /k/ tokens fell within the short lag 
range; however, six /k/ tokens (40%) fell within the adult perceptual 
boundaries for /g/i (Figure 1). Thus^ although the rarige bf values for 
/p, t, k/ (up to +85 ms, +106 ms and +140 ms, respeetively) show that Tom 
clearly had a phbnological voicing distinction, the fact that 40% or 50% of 
all voiceless tokens fell withiri the adult voiced phbneme perceptual 
boundaries means that Tom h$d not fully mastered productive coritrbl bver 
voicing, and it is likely that adults would label nearly half of his 
♦Vbiceless' stbps as being phonemlcally ''voicedV (Category I I-B) ; nearly half 
of his /p, t, k/ stops were in fact trariscribed as voiceless, unaspirated.. 
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+68.58^ 
12 

18.50 
+12/+87 


+77.60 

38.50 ^ 
0/+161 


+56.87 
15 

35.20 
+8/+128 


+32.33 

15 
- 29.95 

+3/+Il8__ 


p. .001 


? .001 


0 .001 


D .001 


? .001 



/d/ niedh 
rahge 


+9.53 
.15 
5.55 
+5/+21 


+15.57 
15 
8.93 
+3/+31 


+15,07 ■ 
15 

' 15.71 . 
. 0/+57 


+5.00 

15,.- 
35.57 
-102/-HS6 


+3.07 • 
15 
3.63 

0/+10 


/c/ Ttean 
' S.D. 


+55.67 
: 6 
31.70 


+82.75 
• 8 * 
58.52 


+80^53 
• 15 
■ .-50.30 


+57;20 
■ 15 
27.78 


+61.93 

15 

35,83 


range 


+25/+t06 


+25/+188 


+t2/+155 


+17/+105 


+3/+135 


^Ig. level 


p^.02 


p .001 


p .001 


0 .001 


p .odi 

















+12.50 


+30.0f> 


+53.13 


+17.57 


+11.73 ' 


:^ 


• 2 


3 


i5 _ . 


15 


15 


S.D. 


_7.78 


15.13_ 


32.50_ 


- 23.3^ 


12.98 


r^hge 


+7/+18 


' +18/+S7 


+8/+126 


-5/+95 


-5/+3^i - 


/k/ THsnn 


+59.53 


+91.53 


+85.27 


+80.57 


+9t.60 




15 


15 


15 


15 


15 




35.53 


53.27 


35.58 


63.97 


36,51, 


range 


+2/+15b'. 


+35/+173 


+17/+i55 


+15/+26b 


+35/+170 


^ig. level 












pi. 055 


P-.015 - 


pi. 001 


D-.002 


P .001 
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> ; Data frbm ses^lp "5' fl;*:^^ ^tjt very different: the meah VDT 
:values for /tk/ are coasider^bly longer than adult ieah values (Category 1 1 1- 
A) . and the mean VOt v^lueS fof*/bdg/: Irikewise i^ncreased (T^ble; 3).. ' The mean 
for. /p7 falls at the lower end of the range (+47 tdy+SS ms^ reported^br /p/ 
in the speech of aduitsj; since the mean, for /p7 is within the adult ranger it 
should be categorized as IIIB. ThisVcas'e is pne of ,tw6 (see section 3.2) 
that are elxceptioris to the general rule thit the child's mean for a voiceless 
xpnsbriant: shifts abruptly from Category IIB to Bategpry iHA (cf. the 
discussion 'in section 43i ^ 

: • . ^ Data from* sessions 6 t'hrough 10 show that, fbn) ,is ;graduelly 
shortening the^ VOT va^es ''fdr'^/tk/ and /d/ bac^ toward adult-lika values; the" 
means for /b/ and /p/ increase , on (sessions 6^7 to values longer - than adult 
values (Category IIIA) and'' tlie^ ^decrease'' on se^si^on 10 . (Table 3). 
Unexpectedly^ however, the mean VDT ior /g/ continued to increase such that 
on sessions 6 and 7, it fell nearly, in the perceptual boundaffe's. for adult 
/k/_ (n. b. Abramson ind tisker i9;67b report , approximately +40 ms as the 
boundary between /g/ -and /k/ for aduits). By session IS ' (2; t. 17) —the last 
recording . session-;-, the means* for' mdst stops fall within th&, approptiate- 
short or (moderately);^ ]^0ng lag regiorvs;^: however, his stops ^fe'hot completely- 
adult-like. For •example, ^ his - mMh- fo^^ /p/ is conliderably shorter than an 
adult /p/ would be, while the means for Vt/ .and /k/ are longer, than the 
respective adult means would be. Withau^ data from subsequent inonthsf ^t is 
impossible^.to determine what trend, is being established, Since sttidies of 
adtilts have sho^^^^ VOT vaLues .for stops embedded in sentenqes are -shdrte'r 
than the VOT values for stops' in .isolated words, it is reasonable for .Tom's 
VOT values td .decrease somewhat, since he was producing increasingly longer, 
sentences /as he was m^turfrig;'^ thus, the - plausible hypothesis of the 
interaction of sentence length withi stop^-VOT values wo-uld apply td the change 
seen in /p/ on sessiisn 15.. However, the means for /t/ and /k/ (which had 
been decreasing since session 5) increased agaip on sessiohViS; whether this 
represents w^iit cbuld be considered Vhoriaai:*;; fl^ W:lthl:n a single 

stage dr a^ significant deVpld^mental change cannot be knovJn. 

_. While, there was^the change in'' mean- VOT values desdribed above, it. 
was rtevertheless ^rue that throughout the study, mtjst VOt values.^^dr all six 
stops ' fell, witlTin ' the perceptua^l .bdundaries far the appropriate adult 
p,hdnemes. Fdr the vdi'ced stops, Tom produced some tokens with voicing lead 
(range; -1D4/-1)] these prevoiced tokens were usually^for the voiced .labial 
stop. There were very few tokens of the voiced stops which fell in the adult 
/oiceless phoneme boundaries. In cdntrast td the restricted range for voiced ; 
5t6p prdductidns, the Voiceless stops showed great variability: there was a 
nde range of valued that exteTided well into the short lag "region and well 
Deyond the ^adult) long lag region. While there are rib pubiished adult data 
:ollected under cdmpletely cdmparable cdnditidns (i.e. fully conversational ' 
•>peech),^ it is probably that Tom^s voiceless stops exhi.bited. greater 
variability than adult data would. This wide range of variability was ndt 




^ due to individiml lexical iteins: individuaHwords showed ^he . same range of 
VOT values as other words beginning with the .saffieT initial-stop. 

■- _ ■ ■ ■ ■■ ■ ' ■ ' ■* ' " 

3, 2 Tessa < : 



Oh session 1 when Tessa was Ij 4. 28, she was. tising siigbtiy more b-, 
d- and k-initial words than words beginning wi-th p-, t- or g- (figures below 
are for the ; total number of different words and tokens produced oh session 
1): /b/ .8 wordsr 31 tdkensj /p7 3 words, 5 tokens; /d/ 3 words, 24 tokens; 
/t/ 2 words, 12 \tokens| 7g/ y^ordsf 7 tokens;, /k/ 5 words, 1| tokens.^ Tessa 
spontanecuisly. ^.odueed a large number :of utterances (see Table 2) i would 

"freelj^ and correctly r tp questions designed to flictj stop-initiai 

words Cand would also imitate such words), and in general showed no evidence 
of deliberate ayoidance. of particular word-types; 'this slight asymmetry. 

: qUtckly . disappeared. The asymmetry, that did exUt at the beginning was hot 
as obvious - a factor in hir acquisition ^d'f voicing ^ as was the lexical 
asymmetry in Jane's data (see section 3.3). 



Tessa produced lead, voicing on /bp/ and /d/ on session 1: /b7 two 
tokens|^ /p/ one token; and /d/ five tokehs. After this session,, only /b? was 
produced with lead voicing (range -34/-S ms); the number of /b/. tokens 
produced with lead voicing varied from none (out of 15 tpkens, sessions 8 and 
15), 1 (out of 15, on both \sessiohs 6 .and 7), 2 (out of 14, session 11) to 
(but of 15, session 3-4). Across all sessions and ail stops, sixty percent 
of all prevoiced tokens fell in the short lead region (-20/-l^';jn§), and nt>ne 
were greater than -34 ms. 



' / Tessa acquired a voicing contrast first at the alveolar, then at 
the labial and finally at the velar place of articulation; three stages 
reflecting this order are described below; In general,. Tessa's data (more 
than Jane's) change over time moving from Category I through Category 11 1-A; 
this progress toward adUlt values is a gradual bne^' covering about a four 
month period. 

3; 21 Stage 1 (1; 4; 28 to 1; S; 30) 

' .% ■ ■ ■ . . " ' , 

Stage i (session^ 1 and 3-4) in Tessa's data is one in which she 
has a contrast at the alveolar . (Category II-A) but not at the labial or velar 

8 ; Tessa also produced 10 tokens of doggie oh this session; However, since, 
this word was produced with. an initial velar stop, it has not been counted in 
the tabulations. This was the only assimilated word in her initial stop vord 
cpfpus. Throughout th^ study, she pfoductfd doggie with ah initial velar 
stopi / ^ . 

. ' ' . ■ 19 ■ 

■ ■ . ■ ' i - 
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T^hte 4 . TESSA ; "war t VOT-v^I u e^, nuTtber of tokens, i tjmd^^ devl pt^t bn*? .-hdV^Pf\g« 
for gflcn '^too, by ^ei^sion. . - 



Session 


1 


3-4 


6 


• 7 ■ 


'8 


n . 


16 / 


















Age 


1;4.28 


l;5,18- 
l;5.3a 


' l';7i6 


1;7.13 


1;7.27 


1;9.2 


2;r).io 



' Tie an 


+4.33 
15 
• 13.18 


-f4;07 
15 

13.71 


+5; 07 
15 

12.10 


+8; 53 
15 

10.70 ■ 


■ +11.20 ' 
15 

11.63 


+17.64 
14 

22.16 


+12.93 
15 

11.15 


^snge 


'^32/+23 


-34/+25 


-277+28 


-22/+25 


o/+a4 • 


-17/+65 


+3/+59 


•ncpn 

_K_ 
S.D. ' 
rpnge 


-1. 80 

15 

18.36 
-34/-^9 


+19.27 

11 __ ■ 
31,17 
-Mi/+in 


+14.43 

14 , _ 
9.47 
0/+4d 


^•27. 92 : 
■ 12 
17.31 
+8/+6b 


+34.93 \ 
14 > 
31.69 

b/+ib7 


+84.93 

>06.1A 
41i/.+176 


+93.40 
15 

47.78 
+19/+207 


« level 






-P-.015 


? .001 


P-.009 


o\QQ1 


p .ndl 



/d/ neafl 

s,b. 


^;40 

to. 81 
-11/+14 






+15..53- 
15 

. 9.61 

4^/4^2 


+17.13 

15 : 
.8.4^8 
+2/+3'2 


+16.23 
ll 
8.38 
+5./+31 ■ 


+15.93 

15_ i_. 
8.96 
+6/+32 


'c/ -lepn 
S.D, 


i:?o.5o 

_8 

13;09 






+38.92 
13 

13.26 


+98.33 
15 

45.89 


•+88; 93 
• 15 , 
" 35.13 


+100.30 

15 
_68,.38 


■ ';>nge 


+7/-wi3 






' '+19/+61 


+?'7/+193 


■^38/+t65 


+15/+257 


s tR . level 


T-.OOl : 






p .001 




o^.Obl 


0 .001 



/ ^/ -nepn 


-»-l7.on 






4^7 .00 


^5.86 ' 


+^3.33 


+30.13 


. S 


6 






14 


14 


15 


15 




3.63 






28.59_ 


41.31-- 


35:46 


21.42 ' 




:fll/+22 






+3 Moo 


+15/+150 


+5/+126 


+9/+85 


/k/ Tiefln 


+10. 93' 






+30.30 


+79.60 


+105.27 ' 


+125;93 




15 






10 


15 


15 


15 


S.D. 


' 12.44 






ia.32 


34.86 


35.92 f 


. ._73,70_ 


rnnge 


+3/-^5b* , 






+i7/+57 


•M3/+158 


+46/+162' 


'+26-/+304 


^tg- level 










T^.015 


o .001 


? .001 











s • 
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F^SSA-^-^^^'vrlues for epch ^tbp tokens Ky ^njpce oj^ ar^icurpttbii and Swir-s^ssibn* ' 



SESSION 1 

b p 

• +160 
+120 
+80 
+ao- 

.0 

-so- 



t:6 



-I 



4. 



i+200 • 
. +160- 
+120 1 
+§<►: 
+604 - 

^0 
-AO- 

-so; 





3 


H 


g k ^ g !c 


g k 


g 


k 


3 


k 


c k 


.^+200 • 
: 4^160- 


















< 


+120- 
+80- 








1; 




1 — 




•i 

« 


_• 
«• 


< . " 
i 460- 




^ 




f 


t 

4 






I 


i 

* • 


• 0 








1 










-40- 






■^-"1? — — — 














-80- 
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puces of . articulation (Category I). ; On session 1 (if 4. 281, the ffiean vot for 
is sigriificantly different frdiiJ the ^iiiean for Further 
evidence for a contrast comes from ^the distr}butf|p of lead and long lagfV^ 
tokens: the only prevoiced tokens are for /dA: and tfre bnly tokens that fall • 
outside the. short lag region are prbdUctibhs of /t/ (Figure 23. . ^ 

.* _' ___ For the labials on session "the mean for /p/ is actually less 
than the mean for /b/, and the ranges for bO'th are similar. On the , sessions ' 
3~4j the /p/_ inean is linger than that for /b/._ Neither difference -is 
sighificaht (Table 45. The difference in ^le&S VOX' between /b/ asd*/p/ onV 
sesisions 3-4 is largely caused by one production of pan. +111 ms. If we ■ 
eliminate this tbken, the mean and ran^e' for /p/ becomes, much; more similar to 
those f or /b/: /b/ +4. 56 ms (range -34/+25^ms3.; /p/ +10. IQ ^s (range +4/+5!8 
ms). This production of pan- is the only one-fdr. this word* iri: the ^corpus 
prior to session 11 ( pm +74) at which point all /p/, tokens fall* in;the range' 
+ 32 to +176 ms. c _ • 

• " •• ^ . ' ^ ■ ■ . • 

Pan is an exceptional utterance on this session in that no' other ' 
wards are produced with long lag voicing until session 8 (Figure" 2). The:; ; 
long lag VOT for gM niay indicate that this word was a lexical exception; (on * 
session 3-4) to Tessajs general rule for_ producing /p/_as sho^t lag in which 
case it Sight indicate the beginning of a, v/ord-by-Word spread ^'^of long lag ^ 
vvoicing through , her lexicon; (cf. the ' lexical diffusian model). Hbwever^ 
throUghbU|: Tessa's corpus, tokens for any particular word show the .$ame .range ^ 
of Vpf values as the general range of:^ VOT. values for 'the stop consonant as' a 
-whole: pants , for example, was produced as both: ^hoTt lag'. (+20 ms) and long, 
lag (+67 -ms and +75 ms) on session 8 when the range ' for p-words (0/+107 ms) 
covered the short .. to long lag region also. Since hb other words wfere'^ • 
produced consistently as, ah exception to: the general patterns j^or^a given 
stage, we conclude then that the long* lag production of gaft was accidental or 
at least extra-systemic. . ; 

I . ■ , ■ • • . f 

Qn session 1, ' there is. no contrast between ■ the -'velar voiced- 
voiceless ' Stops: - the difference between this mean for /g/ and that for /k/ is 
hot significant (Ta^le 4), and all /g/ tokens and ajl but one /k/ tbkefi fall 
within the short lag region (Figure 2)* . . . 

; 3. 2^2 Stage 2 (1; 7. 6 to 1; 7^ 13) ' ■ ' , \/ - 

During stage 2 (sessions 6 and 7), Tessa'^s data show evidence for a 
contrast between /b:p/ (Category 1 1 -A) and /d: t/ (Category II-B)^ but not fbr^ 

a contrast betv?een the .velar stops. ^ The; mean ^ VOT values aftd the majority ' 

9. Tessa* s data may have shown a sighificaht difference between /b: p/ prior • 
to sessions 6 and 7; the tape for session S was accidentally destroyed. On 
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. ■ . ^ • ■ -95^ • ' ■ - . . ;• • ■ ■ ■ • , • 

' # • . ' ^ - , _ . * ' . - ■ : 

tdj^eps for :/b/ and y-p/ eh;^^^^ ^ ahd 7 faii within the ppcceptuar 

bqundafies -for the adujt voiced phoneie, as_ did. thjs laeans lor /d: ^ 
•stage 1. .the :dif|erence between the^m^ah y^^^ /d/ and /t/^ Csession 

7^^ is also sighificahtr noie "that 'the ogari -for /t/' falls Jtist outside\^the 
perceptual bouhdar^^^^^^ voiced phoneme, (table 4) 'Ori session 7^ a 

raajofity of the tokens toi" both /p/ ah^ /t/ fall outside \the short lag 
region^ while, nearly all token? pf^/b-/ and /d/^are Within "this region (Figure 
25. In separate analyse r^a correiaiipn -was found between the length in VOT 
of the stops and whether the s.top preceded a high vowel or occurred ih an- 
iffli tated. JSdductio^^ all- tokens Were •of initial steps in stressed syiiabiiesi ' 

■ .. ■ . ■{ ' ' 'J y'- ' .V-*" ' ■ \ ' 

• . ^' in;* contrast^ , the di/f^erence the mean V0T: ! values fo? /g/ and 

/k/ is not significant t (Table 4), 'and >the^' majority ".i^^^ for /g/ (but iiot 

for /k/) fall for 'the first tiin&: .dy'tside -the short ;^ 
distribution of velar tokens on session 1, Figure 2)j, ' ' • • ^ , 

' ' ^ \' ■ ' ".' . ' " ■ . ' ■ ] ' ^ 

J.23 stage 3 (1; 7. 27 ^to 1; 9. 2) . * . ' ^ "v . ^ 

' ■* ' ^ ■- ' - , * ■ . * - ' ,■ * . ■ * - ' " • ^ " ■ . ^ \ ' " 

. , On sessid^i & (1; 7. 27), Tessa has a c^htra^st betwe the voiqed- 

ydiceless stpps at air three .placed- ot artictilatlohi tHe^'data for /b: p/''falL^ 
in'- -Category II-B, tfibse for. /d: t/ ■ in eategof^ fo,r /g:k/ in 

^eategory H-B . (Tgble .4). -Dn session fl, all three places of articulation- » 
'shpw highly significant differences also, tCategqry Rf-A' for "^11 three 
places). ' ' • * ; * • . V ■ •* • ^ ' " ' ■ 

f ' - , . - - .'>.-■,. V * • . 

* . : ' , ; " i' .^w- . _. * __ ^ . * 

• i^Hbvevef^ Tessa 's- stops are no? adultTlikfv The mean VGT .r^&lu'es\^f or-, 

/b/ (sessions. 6^7,8:. an(^ for^/d/ (sessions, 7^/n^ 8) and_ fbr^g/ ' (ses$ioh% 
7 and 8) progressively lncreas6dj> usually a^ , the ,^eah:. VOT Values 'fpx €hfe^ 
vd'iQeless stops increased." As A resuUj Tessa' s. m^^ values for .the ^V.o iced ! 
Stops are more siSilar to-adult mean Values fpr these st.opsrfen s^^^§r6n 1 tham • 
on session 8. S^iniilarl^; f^s^a's voiceless stOps;^also bec^oie 'lesV adult U ike 
over time: /p/ (session /t/ (sessibns^S.ahdMl^ and /k/ . (session^, ^1) " 
are cpn^si^derably^Jonger than the iohgest adult Se^ps, whereas previously' tnte. 
m6ans for ?hese stops _ had been gradTually approacfting 'the -shortest df .the 
adult means, thie lack; of cdrrespdndence between T^s^^^^^^ system and 

that of adults is also shown by the follo^ing^: /on s'epioh 8, ^her mean* f or /p/ ' 
fairs nearly .vfithin* the perceptual boundaFies fo't -adirlt 7b/ (8/15 tokens' ^ 30 
ms); and^her /g/ mean falls nearly within the aduft /k/ 'perceptual bduncldries 
(5/14 'tokens 50 ms) . - ^ / ' ! . ' • ' 

sessions 3van| 4", the ^difference between tjie means'^ for 7b/ and /p/ was not 
significant, i • * * ^ . ■* . . ^ ^ ' ^ ■ 

10. The data for 7g: fc/ .are*^put in Category I T-B^ .not because the.^mean 'fpr • 
Che -vpiciless 5top failff hear! y wit the adult voiced tputidary.' (as in 'the 
:ales of other II-B data),, b.U'tj because^, the mean for /g/ 'falls nearly withiii 
the adult /Jc/ boundary. • '. • • . " ' . . . • . 

■ ■' ' ■ 
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The mean- for on^sgs^^^ 
;';J!ss)v, rep^r te^ fpr •^7ki_1^^^ the .ipV^ch'^^ pi aciST^s, x'and therefore " should be 
eategbrize'tr' ag IIIB/ .. Tessa »^f; /k this' session arid Tbffi's ineah on 

..session 5 are thej^niy^.dasis^ the |eheral, progr.essioh of data 

■ through: Gateg^orles^^^ to 1 11^; in, all other cas^s (i.e. Tessa 's^ /p/. and /k/, 
Tora's^ 7t/ 'and 7k/ and Jane's /p, t} k/.5ii th^^^ voiceless sjdp Seahs 
are^^inrtia.J4y.^l>9r^^ a.dul't;^means ,UIB^ then -considerably longer 

• thap'; adxiltr meanS^-^CI-U^A). Thfi^i^ in .:severi pu,t of nine c^ses, 'the stage-Wise 
' na>tuJe/ C).f IIB foiro^?ed"' hy IIIA. holds] U-n the ■ remaining:- two cases/ a. 
trans i>iQEioStage\j^^ (chl^bSblbgicany) between IIB ahd'IIlft data— a stage' 
ifl^which' the ^c!iild' s voiceless "^top mean' is- in fact adult=-like^ fi.e.. a stage 
; if cn^ilc^^Uy . ' IJ^ systemX. . The surprising near- 

abserjte Vf.. §Uch ' nfansitidn'/ data will be dfsiiussed in Section 4. 0, 

* > An ^examination of the range of produttibns in Figure 3 'shows that 
Tes^als i/p/ tokens gradual iy move into the adult /p/ range (session^ Y 
'through'^' It) and that her /t/ and /k/ somewhat more quickly move into the 
apprbpfrate adult: ranges. Fof'^all six cbnsbnants> the ranges bf values are 
/cipnsi^dfx^hb^ for the saie ;stops;*: it appears that 

Tessa isr in vsomS /sense exploring phBhit^c space in her attempt to determine 
the appropriate phonetic targets (see- sfection 4,0). 

■ ; , ' Stage 3.24 Stage 4 (2; 0.105 v 

For^ Tessa t% for all the children, the, final stage in the 
devoil,opineht Is one in. which adult-like productions are: achieved. For Tessa, 
'the VOT: mean ' and range for all six stops (i. e. , . Category ITI-A, session 11)^ 
must be .shbrtened^back tbward adult values. V. ,-?.v^ 

Hbwever bn session 16 (2; 0. 10) --the last time she was recorded--, 
the mean VOT values for /ptk/ are longer thanVon session .ii (Table 4). These 
meanS;. which ar^f, considerably- longer than -adult .means : would be, ^ have 
increased ascthe ranges of tokens, have inarea^d (Figure 2), In cbritrast, 
the mean V&T.v^iugs for /bdg/ have' decf eased,^>|^^^ respective " 

ineans on session%i--(Table 4),^ The mean for ^^d|n^^^^ range of 

mean VOT values (+5 ms tb +17 ms).. -The shortening of the; mean for /g/ Is 
ifiiportant: ' on- session^ 16, the /g/ mean is wei»L within thev.adult perceptual 
boundaries for /g/ for the firit time since session 1. "'.^'V-^ 

3. 3 Jane • ^ . . 

TabUlatibn bf al^ stbp^initial wbrds prbduced bn each sessibh shows 
that Janets sessions 1 through 7 (i;6.i9 to 1;'8. 24) were chararctef ized by a 
preponderance of b-initial words (16 words, 130 tokens). Wbrds ^ beginning 
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;^.wrtH p- and were comparatively unco'iniDon: during the ^aine time, period^ she 
used only three p-lnittal wor^ (16 ti^ehs) and dhly^ words: (3; 

tokens); k-Jnitiai words- wet^:?©^^^ (6 words .and 23 tokens).. On' 

* session 8 when she : wis l;9.'15r she was using roughly eij.Ual hUinbers of all 
st6p words txc^pty g-ihitial words; a_t this pdint s^e still ;oniy -used 
chree suqh words. ' By the next session (when she was 1; Idi 7), she was using 
at leas^ eight words of each type. 

• In contrast to the lexical ^ymmetry at the labill and velar places 
of articulation, the number and fre^^ d- and t-initial words were 

Toughly equal* over time. Although at the beginning, _d- and t-initial words 
were few in number (four words of each type) (and d-ihitial words were 
produced slightly more often), Irom sessions 1 through 7, ^he produced these 
words frequently: five d-initial words (33 tokens) and nine t-initial words 
(24 tdjcens). 

■- ■ ■ ■ ■ ■ ■■ '/ i ' 

T^Thc: aboAfe pattern . of vocabulary acquisition correlate^ i.h ari;V 
interesting way wj-th Jane's acquisition of the voicing contrast.'' 5^,-^^ 
had a contrast of . voicing at; the alveolar place of articulation, and the 
number and frequency of d.-* and t-ihitiai words were approx.i^iately equal from 
the beginning. She acquired the contrast between 7b/ and 7p^ on session 8--a 
development. Which Wa§ accompanied by: a^ lar&e increase in the number and 
frequency oi p-inittai words; prior to session' 8, t^^^^^ and frequency of 

b^iniU^l words was significantly greater than that for p-initial words, and 
the VOT values fdr /p/ nearly all fell in the adurt /b/ range as did the VDT 
values fbr^ /b/. -' Oh session 9, when the number :;;ahd frequency of g~tnitiai 
words increased -substantially, the difference between the mean VOT of /g/ and 
/k/ is s:ignificant for the first time; prior :t6 this point (from sessions 1 
to '8), Jane Used three g-ihitial words (only 6 tokens) and seven k-initial 
words (38 token's)^ and /g/ was treated by.^ahe as'if it were 7k/ (cf. session* 
8 discussed below where ail /g/ tokens dre moved to the^ long lag region at 
the , same time that /ptk/ shift). 

Among the four subjects, Jane used the greatest amount' of voicing 
lead. Throughout the: study, 9% to 461 of all /b/ tokens we're produced with 
voicing lead. From sessions 1 through 8, a similar proportion of /p/ tokens 
was produced with voicing leaxi (14% to 29%), bUt %he range for leald was 
coasidePiably narrower (-35 to -6 msi than the range o|, lead for /b/ (-139 to 
-2 ms). ( Jan'e stopped producing /p/ with voicing lead after session 8, the 
session dh which th|'\/b:p/ cdjftrast Was acquired. - She began prbdUcing 
voicing lead o^n yd/ at sessions 4 ^^^^i _5 on /g/ on session 11; /t/ and /k/ 
Were never produced*^ with voicing lead. The consistency with which she 
produced voicing. iead on /bdg/ (once it first appeared), the use of long lead : 
(in addition tb/Short lead) and the developmental spread of voicing lead to 
/d/ and possibly to /g/ suggest* that Jane may be one of the set of English 
speakers that produce at least some proportion of the voiced stops with 
voicing leadi 



' ■ ' ■ -^-j ^" - ' ^■ ■ ■ -V'^-'T^ - ■". ■ ... 

' : ' • • * ;- ' As previously mentipiledj^^^ J^ne; (like _ Te|ia) . a'cqui>i?d : the . vdicirig ; 
cpntrast first •a;t^^^ tliea at 'the jlabiaf < ahS^ filially, at. t^ie velar 

piaVe df x» articulation; ^th^ order ;Wiik b^ .descPi^^^ as three • 

: stiges . i'ii • ther f oll'owins ^'disctiission; of "her: data. Unlike Tessa howfever/ bnlj ' ^ 
one _set of data j/d: t/, - 'Stage; 1) . fit ^<;ategbry[_n rione^fit 'into 

C.ategoty j f-B. . In - contrast to --tfie gKaSual pf^gresston of • ^voiceltess stop\. 

'tbkens >i?itp the. long 1^ "r;egion seen in ^ti^^sa's -data, the sam^^^ tra:nsi'tibn in 
Jarie's _data Sppear^ .to be much .more.: abrJapt; hbweyer, this 'abrUfttnlss' may. het*^' 
partially due tcfsampling intef\tai, 'r ■- ' . : ',; ... * 

, : ." ' 3.31 Stage 1 6. 1$ to ,1; 8. 24) ; ,* ' 

■ ' the^'fi-rst Stage: in J^.he's data is bne in which J^er produ^ -show ^ 
sonie evidence for a contrast at tp alveolar but n-bt at the' labial m velar, 
places of >articulatioh. On sessions 1-3,' 4-5*and 6-7, -the •mean' for At/ 'is-'- 
always at least Jff ms.longer than the jnean for /d/ (Tabl.e 5). Oii sessidns 3L,-3 . 
and 6-7, the di|tributibn %i tokens for 7t/ different from, that' for /d^. ' 
In the- data froin combined sessions l<-7, the diff^erent^ between the, means Is 
significant (Table, 5} ; in^; addition :to -the one-tailed t-test, _ a two-sway , ^ 
analysis of .variarS^e was dpne which fras also significant C*P=- bi8).: Note - 
that the ine^n for /t/'faiis almost .within the ajluit perceptual boundaries for • 
this voiced- p.boneme (Table 5), and thar most tokens of /t/ fall with'iu the 
adult percepluai boundaries for /d/ (FFgUre 3). In separate analyses^ we 
examined the VOT for -^il tokens in i-elatiohship to vowel height, stress and 
-the yariafeie spontaneous-imitated;: no correlation^ was found. However, a few^ 
productions of two words' were unus-'ual. : " 



. . -^ ' On session- 1 (1; 6. 19), there were three /t/ tokens that were '. 
•produced /wi th long lagj tpY . ms^ +118 msj and teddy ^-68111$; theseHokens 
are unusual in' that no other /t/ tokens (nor any /d/ ^tokens) were produced ' 
with long lag-'UntiL session 8, at |^ch' point _all 7t/ tokens (and" no /d/ 
^ tokens), were produced with long lag. The two productions of and the one 
of tedd^ could' be Interpreted as evidence that Jane^^^was correctly using long / 
lag (>n.- at least these two words (cf.l the lexl^cal diffusion model). This 
explanation seems unlikely for the follwing reasons: i^i. was; prbduc 
times' on the^ same session i^ith short to_raoderately long lajg voicing.' (+8 ms, v 
+ 11 ms and +39 ffis); and bne production, fbr a voiced stop (/b/) was produced '"^ 
with long lag (session 4-5), In addition, the ranges for both /d/ and /t/ •• 
Included a substantial proportion. of tokens in the moderately long lag region 
also: 35% of . the /d/ tokens fall between +21 and +48 ms, and 46% of the -/t/ 
tokens- fair betweeh +21 and +45 ms* (sessions 1-7).. ^As in the case of pan in 
^X^ssa's. corpus, 'Ve? conclude that the production of these long' lag ^t-ops 
yapproxifliately 3 months prior to the long lag stage dofs not indicate a 
significant 1 ex i car parameter at. the phonetic level of VOT. 
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'^At stage i ^sessions .1-7)^ there is ho evidence for a contrast 
between the I'aBial^f velar ''^ meahs for both /b/ and 

/p7 on sessions vl-Si 6-7 and 1-7 fall between 0 pd tiO:jDs (well within the 
short lag region); t^fie cbmbi^ned 1-7. .sessions^ s^ that 7.5/ and /p/ are nearly 
identical (cf. the means and standard deviations, Tabl^ both /b/: and 

/p7 tokens show nearly the same inciden'ce of prevbicihjg (Figure 3);, (23 the 
rawns ^b^;^^^^ /k/ fall^withjh the range of 0 to +52 ms (Table S), 

and the three /g/ tokens fall withia. the range for /k/ tokens (+6 to +134 fis^. 
Figure 3). ' . . 

3. 32 Stage 2 (1; ?. 15) . 

Stage 2 (session 8) is marked by the acquisition p£: a contract 
:;^^betweefi /b:p/, a ' highly^ significant difference between 7d/ and /t/^ the 
' production of ^/ptk/ as consistently long^^ and ada.itidnal evidence 

for^a lack of a^ cohttasi^ j?et*^ it appears that the 

shift of /ptk/ to the long lag region occurs very abruptly. However, session 
Smas cp-hducted three weeks after session 7 (due to the child's illness). We. 
dssume.thcn that sampling interval is at least partially responsible for the 
appearance of sudden change, (cf. Tessa's session 7 and 8 data which were 
cdll^tted at a tw^^ Week interval (Figure 2) and Which show a less dfamatic 
change), . • : — 



Between session 7 and 8, Jane began producing ^at least some /p/. 
tokens with long _lag voicing. In the productidn of pi.inltial. Words for 
•session 8 . (1;9. 15), We find that the only short lag values occur in 
productions of _ '*old word^ (t.9. -those words which had, b^en in her -, 
proSuctive /votabulary since 1; 6. 19). These words are ggg +37- Cbnce alsd +289< 
ms), g4^ -6 ms, +9 ms^ +18 ms (once: +137 ms) and pumpkin -7 ms. All. .other p- 
i^nitial words produced oh this session were " produced for the 

first time> and all were produced /with long. lag ^ (+84/+173 ms). this 

distribution of short lag tokens by wor| type (i. e. in old words only) cbtild 
be interpreted as evidence for the gradual spread of: long lag through the 
lexicon.^ However^ each of the new word's was produced, only ono^; with more 
tokens, these words may also have shown variability. 

By this same, session, /the VOJ^ /t/ and 7k/ also move well 

into the long lag- region^ ahd th^ means for , ail voiceless stops are 
considerably longer !than aduft ineans (Category II I -A). 'The. difference 
between the means for /t/ ana /d/ is signif icant^ and the ranges are noh- 
'.overlapping, inj contrast, tl^e difference between the means for /fc/ and /g/ 
is . not ^Bignif icant; as Jane moved /k/. into the long lag region, she similarly 
shifted /g/.' Tile tWo words effected are; > gl4^ which had been produced with, 
a yOT. of +29 IDS^bn session 2 was produced as +68 ms on sessiOn S; goat which 
'had been produced as +39 ffis on session 7 was produced as^ +142 ms andk+18S _ms 
on session d; goes (+37 ms on Session 7) did not occur in the corpus f or 
session 8. . -.y^-^ . \ 
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3> 33 stage 3 (1; 10^73 



j On session 9, Jane's productions for /g/ and /k/ show a stg^nificant 

differenbe CCategdryv III-B^ and the. ranges do not dvisrlap. This was 
accdinplished by.a sjiift of /g/ back into the short lag region. Whether this 
: develojpinent constitutes perceptual lear^ an advance ih' production or. a 
reorganization at the. phonologicar level cannot -.be known.' ' to posit 
phohbldgical drganizatipn a^^^^ would need to assume a priori 

(and in the^ absence of evidehcej;; rthat Jane perceived the phortoiogicai and 
phonetic contrast between /g/ and 7k/ in thi adult language and, secondly, 
that a general phonological constraint on the complexity of_ her own system 
^allowed only a two-way vbicihg cbhtrast (/b:jJ/ and /d:t/5. The ^qohtext-f ree 
' phonological rules heeded would be: Stage 1, /g/-»[g3 and 7k/-» tg] ; ., Stage 2, » 
/g/-*[k], /k/-»[k]; and Stage/3, /g/-* t§] , _ /k/-» [k] (where, in all three stages, 
[g] is voiceless, unaspirated and [k] is vdicelessj . aspirated) . - The 
motivation for such a rule change is unci e^^^^ (given the assumption that the 
child' s ' perception is not a factor), and we know .of no cases in. the 
literature where a child has a contrast, produces one member of the pair 
correctly (/g/l Stage 1) and then loses the correct production (Stage 2), 
except in those cases where a context-sensitive fule has been idded to the 
grammar. . We conclude then that it seems likely that the change in /g:k/ at 
stage 3 indicates that Jane has perceptually learned to contrast /g/ and /k/. 
if the explanation were articulatory in heture, it would be difficult to 
explain why she initially mov^d /g/ from the short lag to the long lag region 
(session 8). * - 

\ ■ ■■■■ , ■ ■ ' ' 

. To shed additional light bh this issue^ we return to the. pattern of 
VQcabuiary acquisition discussed at the beginning of this section. 
session 8, when >Jane shows the" first evidence of having acquired /b: p/, ' the 
number of p-initial words in hej productive vocabulary increased, from three 
to eight. Three weeks later, on session 5, when she shows the first evidence 
of having acquired /g:k/, the number of g-ihitial words. also increased from 
three to eight. In contrast, the number and frequency of d-initial words 
Were similar to the number and frequency of t^ihitial words througfio^ut. 
sessions r to 7 (where^the difference between the means, _ when sessions are 
collapsed^ is significant), and both d- and t-initMl words occurred more 
frequently in the corpus than either p- or g-initial words/ 'It ^should also 
be noted that not only the tbtaf^huSber of ihdividual_p- and g-initial wofd« 
increased on session 8 and 9 respectively, but the number of tokens f,or both 
/p/ and /g/ similarly increased. At least two explanations are possibler 
either Jane did not acquire the w^^^ /bsp/ ^nd /g;k/ until' 

session 8 and 9 because she'did not 'know' sufficient p-: and g-initial words 

■ -11. As in the shift of /ptk/ in to the^ long lag region, this siiift of /g/ 
into the short lag region appears to. b6 abrupt. However, session 9 was 
conducted three weeks after session 8 (again because of_ the_^ child'^ 
Illnesses), and we assume that the^ppareht 'sudden change V is largely! due to 



tp recpgrtize the ebnt^ between /b:p/. and 

/g: k/ stiff Icientiy^ ^Qli t6 [ p- and; g-initial words^ because she !knew 

she could not pronounce these sounds (cf. phdndlbgically mbtivatecl 

avbrdahce strategies in* Ferguson Farwell 1975)i ftt least in the case of 
- /g:k/i the fofSef explanatipn seems mostjikeiy. 

3. 34 Stage 4 :<i;ii. O to 2; 1. 16) ^ 

Stage 4 ■ (sessions 11' and l6) which had not been cbmpleted by the 
end bf bur study, involves the^^^^^^ values for each ' 

stopi Jane was making progress toward' this goal by shori^^ the VOT values 
of Vptk/ and /bd/. (Category II I-A). In cbntrtst^ the mean for /g/ 
Unexpectedly increased such thaV it once again fell Within the adult/" 
perpeptual boundaries for /k/. The;lpng mean for /g/ (+54. 14. ms)' is caused 
by: three values: &g|^ +164 ms; and gMbage +^16 ms and +195 ms. All other 
values are ^46 ins. Oh the same session goose was als& produced as +27 ms; on 
the previous session analysed (session 11), goose was produced as +13 ?is $nd 
garbage as +6 ms. Thus, this Phwge in the mean for /g/ (on sessibh 153 Ms / 
nbt_ caused \by the^ iaiesyhcratic behavior of^ a newly acquired word but is / 
rather further evidence of the variability with which individual words*were / 
produced. " 

3* 4 Jay ■■ ' . ••/ 

r_ Between the ages . of 1; 7 and 2; 4 Jay- did not acquire a voicing 

distinction irk initial posi'tl.on that was discernible to the adult ear. 
Almost all* initial stops were transcribed as Voiceless and Uhaspir4.ted; there 
wer.ej vi5ry few errors of place and these wefe usually attributable to. 
assimilation. At' the beginning of recording^ there was a marked lexicaV 
asymraetry in. hi§ data such that words beginning with b-, d- and k-' 
predbmihated (figures below are for the total number of different words and 
tokens produced on sessions 1-3): /b/ 12 /words, 44 tokens; /p/ '3 words, 8 
tokens; /d/ 6_words, .20 tokens; /t/ 2 words, 5 tokens; /g/ 3 -wbrds^ 4 tokens; 
/k/ S words^ 25 tokens. By sessibn 9^ the distributioh was fairly even. ^ 

V Jay's : data were analyzed in six anchor points. These results are 

given -in Table 6 and Figure 4. Throughout the study the VOT 'distributions'^ 
had 'basically the same characteristics. Since there was hb apparent change 
over time, the data for each' stop ' conspnaht across all sessions were* 
collapsed, 'an# these results are also given in Table 6.' It wijl be seen that, * 
the majbrity Pf VOT values fbr ;Vplced and Vbiceless stbps* fell; within the", 
short lag range; to -be 0 to +20 ms for laSiais and 

alveqlars and 0" to %4^Nqiis^ velars, then 89. 4*^ of all tokens fel'l within • 
the_ short lag range. XOyeT^^'tH-^ree placiss of articulatibn, 94. 8$ .of tokens 
■j^^ll;. vi^:hih the rahgeVo to +40 ms. Of the remaining tokens, 1. 9% had Ydt 
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. vaiUes greater than >4b ms and: 3. 3%. were produced .\*ith voicing lead. While 
" iBost of the tokefts in^the rang^^ >20 ms occurred in prodw for aauit 
voicelesi phoneme, some' vere' |or ah adult yplcea pfi^^^^^^ siinilarix, while 

;- most of the tokens . produced with voicing ieidv bccurred in words which began 
with, ah adult voiced phoneme, some w^ the adult^vbiceless phone The 

lead tdkens Were spread throughout tli^ rahge from -i to -148 ms. 

Although Jay /did not seem' tp acquire-- a: v^^ there 
were some, anchor- points on; which the differences, between the mean ^ VOT values 
. corresponding to aHuit voicad-voiceless stops we^^ Figufe 4 

shows, the signifi^ca'nce onjt;hese sessions could not be attributed to cjutlylhg ■ 
VOT vaiuesv The data can be^^^^ discussed by iobking at the three places of . 
articulation separately^ ; ■ ' . 

^ - ^ ■ _ ' • ' :^ ' ■ • 'H • ' . ,' - .■• . " 

^ MB J ALS; - There was ne>(er ^a sighif icant dif f_erence bet^^^ mean . 

VOT va^i^^s 'for /brW In four of the six ahchof poihts,; the differehce was 

in.^the ixfjeeted direction^ the mean fpr /p/ is greater than 'the . mean for 

/b/5, but in; the remaihihg, two anchor pOlhtSj the difference .was in the 

bppo§i*te /difection^ In the data from the corabljied sess^ thi mean 

for /b/ywas. not significantiy different from the mean for /p/ (tabl e . 6) . 

. Sifice Jay Is labial .data show no evidence for a cdntrastj they fit into 
eategory 1;. There were nine examples of voicing lead (six for /b/, three for 

-/p/ Fiiure^4), and nine examples of continuous voicing, (all but pne in /b/ \ 
tbkehs);. There were more tokens produced with lead and ppntinubUs voicing 
'tbwar^is the end bf : the study. : ^ -V - 

^ . / . y AtVEbfcARS. On alT the anchor poihts, ^the mean for /t/ was longer 
than .the 'mean -for /d/; th&idifferehce between the means_was sig^nificlint ijn 

/two occasibhs (s;essipns l^Bjahd' s 7-8> Category II-A). Further Sore, 

wheh sessions i-19 were combined, therew 

the mean VOT -^lues v(Table» 6); in addition to th^ ^one-tailed t-|est, a two- 
way analysis of variance was carried put and_ was also significant (*p=. 0115. 
- There were' eight examples of voicihg lead: 2 tokens bf /d/ oh s^gssibn 18; 3 
/d/ tokens on, session 19; i /t/ token oh sessibh/lfi; ahd 2 /t/ tbkehs oh 
session . 19 .4). There were alsoj' thirteen^ examples of" continuous 

voicing: 1 /d/ token on session 18; and .i^^/d/ tokens on ses^sion 19. 

• * VELARS... As with the, alyeblarsi the relatibhshl^ betweiBh^;t^ 
for the vb.iced and ybicei^ stops was such that the- mw^^^ 
voiceless stop was always J^ger than the mean for the* voiced stop, except on 
session 19 where the two Jeatnsi^ere nearly identical. The difference between 
the ineans was significant on- two anchor points (sessions 1-6 and session 18),; 
For the cbmbihed sessibns; 'I7I9, bbth* the one-tailed t-test (Table .55 and a 
two-way ahaly sis of variance >(.*p=. 0M) showed the differehce betweeh the /g/ • 
and '/k/ mean VOT values-]to be significant (Category 1 1 -A).: There were two ; 
examples voicing lead: 1 /k/ token on session 11 arid 1 /g/ token on ; 
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sessliain 18. There were five instances of continuous voicing: i /%/ token 
and 4 /ic/ tokens,- all dh session 19* ^ -> .- 

t . . ■ ,• . ' . • . ; ■ , . ■ • . "■ ■ , ■ 

' For both aiveoia.rs and velars then, overall tliere vras a significant 

difference between the means for the voiced and voiceless , stops; nevertheless 
thfre was a high degree of overlap between the rpges^ arid most tokens of 
both voiced and voiceless stops fell within the: sfioft lag Tegtbns; Before 
concluding, that Jay was attempting to produce a voicing distinction between 
" /d: t/; ari<i /g: k/ but was Unable to reproduce ah adult-like cbhtirast/ we 
investigated several other variables that potentially could haye affected the 
results.. We looked at the possible effect of vowel height, stress, 
individual lexical items, ^nd mode of elicitatiiDn. None of these variables- 
appeared to show significant differences. 



^We also considered the pbssibiiity that sbine systematic 
experimehter bias could have influenced the measurement of voiced land 
voiceless tokens. However,, this seemed unlikely for two reasons. First, 
. when We began the study we did riot, expect the cHildreri to haVe a vbicirig^/^ 
. contrast in their speech and we especially did n^ot expect to find cdnststent 
differences in .VOT values for short lag productions of the voiced _^a:nd 
voiceless stops; however, the differences fbUrid in alVFo'lars arid iri velars 
were present from the beginning. The second reason why experimenter bias is 
an unlikely :fexplanatioh -is that there was never a significant difference, 
between the labial voiced and voiceless stqps; it is rather imj5lausi4»le that 

such a bias would affect places of articulatibri differentially. 

•We tberefo^re cohciuSe: that Jay wa^s attemjrtihg t^ a 

difference between the voiced.,ahd voiceless phoheimes it at least two places 
of articulation (Category II-A); (2) that the contrast he was maintaining 
fell within the adult voiced phoneme bburidaries arid thus'* would riot be 
perceptible to adult speaker s;. arid {3) that without i hst Fume htat analysis of 
a large number of utterances, no evidence could have bee n, found to indicate 
that he had a phorioldgicai voicing .contrast at these two' places of 
articuiatibh. 

Unlike the other children who as early as 1; 5 of' 1; 7 "began to 
produce some .adult-like voiceless stops. Jay had not acquired an adult-1 ike 
vblcirig cdritrast by the end of the study, -^wheh he_ was 2; 4.'2*» Thus, he will be 
at least' 11 months bld^r thari^ o^^^^ ciiild wheri^ he beg^^ • 

long lag; voicing for /ptk/. In other -aspects of language, development* Jay was , 
comparabie to the other children: in the total/number of diffensint word's he' . 
used and the number of tbkeris he produced per sessibri (see-Table 2) he was 



•12.~To rnvestfgate this further, we will be ^bmitting -a set of 
spectrograms (with gloss unmarked) to a third observer for independent 
flieasureiiieritSi » 



ErIc • 30 



: r " r - / -—---^=^08^ zzz:^::z__^__::-_^-_ __ :_z_h^ 

siiniiar to the other children (especially to Jane)^''fo eofipare the children 
to each other on general language deveiopmeht we roughly computed MLU .(mean 
length of iiitt^rance), foW owing Brown 1973. '^ 

All four » children had a MLU of 1.0 6h their respective first 
sessidh_s; for Tessa this rose above 1. 0 on her third "session (aie ijS. i8X; 
for Jane on her second session (l;6.22')i for Tom on M fourth session 
(1;^ 7. 21) ; and for Jay on his fifths session (1; 9. 4) . ; Tbin therefore had an MiH 
pf 1. 0 when he . had a highly significant voicing distincU^ at all three 
places of" articulation (lession 1). Tessa had an MlU;0f aliout i.'93 wh^^ 
had these distinctions (session 8), and Jane, had an MLU of about 1. 57 when 
she had these distinctions {session 9). On his last full session, Jay ; had an 
MLB of 2. 23; it seems then that his general language develojjment (as 
measured by MLU) at the end of the study was ahead of the general language 
development^ of the other children at the stages at whieh ; th^y acquired 

roughly aflult-lifce voicing contrasts. " * ^ , 

. ■ ' '. ■ * ' ■ ' 

' Clearly, it is not the casfe^ that MLU correlates directly with the 
' acquisition of voic4ng:_ the data ,ftok Tom, Tessa and Jane show that MLU may 
vary from 1.0 to 1.93 at the time at. which a fairly adult-Like voicing 
contrast is produced at all three places of articulation (cf. Bond arid Wilson 
.1977). However, we present MLtJ data tb show that Jay was prqgrjessirig 
normally with refpect to general langaiige development; it is also true that 
iri other phdnblogical aspects he was progressing normally (e.g. he used at 
least one -fricative (in jmedial arid, final positions); a postvpcaUc /t/, ' 
several final position . consonants clusters^ , arid many pbly-sylla%ic words).: 
Since the age rarige reported iri the , literature for the acquisition of th^. 
voicing contrast (1; 4 to 2; 8) -is ai so quite large, we conclude^ that it i s " 
possible that Jay is within the.' range of individual differerices 'wh^ can be 
considered normal for the acquisition .o"f voicing in English.'^ 

^; " ' ■■ ■ - r - /: ■ . ■- ■ ■ ■ . ' ■ ■ • A ... ■ 

4.6 Discussion 

Iri this sectibri, the data;wili; be reviewed in order to characterize 

. 13. Note, however, that our experimf^ntal procedures, which encouraged brie 
word utterances; will tend to give .a lower MLU. i 

f4i We visited Jay in Bbston'- i^ October 1977| when he .was 2; 6. 19. At that 
time, he was producing .all voiceless, -stop^s wifeji .sttong aspiration. Although 
.we may reasonably assume t^^^^ the. VDT_C'haracteristics of his productions were 
not ideriticai to those ;f6;r adui t^ (i. e. probabi^ longer VOT values, thanJwould 
be found in adult speech) he clearly had" acquired an acceptably adult-lilce 
vbicirig contrast at al^ ^three pl^ by 2; 6. 19r-i. e. at least 

one mbnth earlier than the oldest phild. reported iffi the literature. This : 
confirms our earlie;r hypothesis that he was within the-'ftbrmal range. ; : - 



pe" general jstSges €4i^ir and to df^^bthe^ majo^^ 

findings (4. 4X; In addition, the data wii%be examined for evidehce^wHich" 
shed light; bh thi nature of the skills beinifacquiM^ and the -process „ 

of change. Wtthin .each *^thild's system as reiatld to two ma^j^r rbdeis for. ' 
acquisiXian i4. 3);i ■^. '^ ; ' 

ir- '^r;^'-- 

To ffcilitate comparison of the four subjects, some data from 
Section '3, B arer repe^^^ here in Figure 5. l^is figure plots the chan|e ovier • 
tinje. in mean vof values for each stop: fof each chil^^ For reference pdihts, 
the '^Mjilt percept and the adult mean VOT yalUes for 

eaM^^tbp ♦ are a included figure^ To aydld unnefcjsssarily 

.ed^ita^ing the :i^f igure, priiy ;'oftb me^h V0T ^lue fpr each adult^stop; is 
gi vegii^Jhese m^afl'. VOf values; are from Lisker and Abramson 1964 (but note that 
the' Li^s'ker and . Abramson: i^^^ voiced^, phoriemej exclude .negative VOT 

yalties, r whefea's th^- ^m^^ the' children/ in some cases^ include 

-negative valu^^). For ea]|ff cfiil^^ the V&T meSns are prej^^^ 
places and in :.ieft-tq-right order for labial, aiv^oiar and^ 
Benf§aij^ eacJi^ set of means are the si5SSion(S) frbm whic|i the means ^ome and 
the. c^teg5ry in^'^whicft they falJU Ih^^ t section, the discussion will refer 
to data presented in, FigJur^ 5 uni^ / * ' 

.4/1 Stages to the acquisitio • 

' ^- ■ ■ * . V . . ■' ■ f /. --^ 

In general, the pattern which emlfges from the ^ata is one in w 
t^here are-; three stages to the acquisition; of voicing: the cKild has ho, 

contrast ^^^ategbry I); (11) the child hks" a^cgji^^ 

within or J 'nearljr -within perceptual-^ b&;^^L^^ adult phoiiem^ 

(Categories II-A and II-B); (III) the' child h^s'^oontfas^-j^ 

the adult'- contrast (Categories III-A and III-B)^ r ^ '"'^^•l^^-^^^^^rr^^ : " , ' 

• ' ' • - J ' % ' ^ ' " ^ ' ^ :. ' '.*,;■' / - : , ^ • /^^ ' _ : 

* STAGE j>'^. . Ill stage I> the child prdducfes predqminatei^>shdrt ^ 
' stops (cf./ also ^eWiey-^^^^ Preston 1374) . Short: voicing, l^ad^^wiir be " 

produced ^'pccasiorialiy f or ; either adiilt voiced or voiceless ^ p^^^^ 
Similarly^ long -lag ydiqing if produced . at all appears in productions of 
either adult voice* of Voiceless stops; v: . '^ ^ ' ' . ; 

- ■ " . ■ ■ ■ •■ ■ ■■ ' ■ ■ ■ - ■ '', " ' ■ ■ 

• STASeV ilV' ; in ^tage H, the stops , 

with short lag -voicing; however^ for the first tine, the mean VOT for^the 
adul t Voiceless' stop is consistently longer across several poin^^ in time 
than the meanVvp for the, ^dult voiced stop. '■ ' Depending on the childy the 
resulting difference; bet^^^ the means, is- either cqnsistentiy sig^^^^ 
.(■Tessa) or sipificaht oft; some sessions but not on others (J^ne and Jay). 
Children also difjer in how j:he)^|chahgi the voiced during this 

stage:- Tessa gradually lehgthened the VOT of her '.voiceless stops <and: 
fithereby increased the contrast between the voiced and voiceless stops), whife 



Jane and Jay did not. During this stage^ the child typicallyv produces.. :s 
' voicing lead and cdntinubus voicing . on adul^ stops bnly^ and iaay begiii 

to pratiuce sojne adult vbifeeless >tops with (iiGderately) long lag voicing. 

^ ^ _ * The stage 11(A) data are interestin| in that the -contrast that the 

cfi^id is Sa^^^^ not noted, by .the ^trihscr is presumably not 

perceptible to adults in general.. . |ean ind Huntington 1975 report a similar 
case: * when the phonemitally voiceli.ss /§tdp;p of . esophagal speakers 

■ v^re examined spectrogra^^^^ a stati«icaliy stgnifiqant number were 

distinct (in the apprppriate . VOT' -directi^) from^^^ their productions . of 
phonemically;; voiced' 'stops;-: listeners, however, .prei^^ ; labelled ,a:ii: 

productions -as Vyoiceil^^^ In iive separate diaiect^^tuaiesi> taboV et^ 
found that speakers,_ a« for: Example in Tl-llingham (Es^^^^ 
^ small differences in tHeir, own; speech, which seriyed tb maintain the- liderfti^^^ 

l;f-<?f __wbri4 ' classes, but that^ thik^ saine . speakers cbUld' nbt labeF the^^e 
dlf ferenbes bh cbhscibus reflection j:(ii]i; jniniSal _pai.?s 'and; in commutation 
tests), ^ either in t-heif oWn speeci\ or- ji^^^ 

dialect area. These authors conclude -th^ or 
.'different^ are not necessarily a/ reliable base on Whicti s^ thebfy' oil 

, phohblogical jlevel^pmeht" jtabov e^^ i972,^'\254)^ ' ; the : .•phonological 

;;^:jagyeibp to. here is historical c^apge^ but the com^nignt equally 

^ Spplies, particularly in the present ; .context/ to phdnbl9gical . cliange in 
• children. The results of the pfesen|. study ;.cl^ show that, in . at least 
some^ cases-^ judgm^^ .significant facts about 

the' child V^ -iyst and that spectrbgrdphic' -^^^^ can provide insight in. 
preqisely-thbse a perceptibn fails. . " 

v:;;v.:-' STAGE III. at the beginnin^^of stage IH^ the chliavis p^roducing- 
vfa^^^ lag voicing: the /iekh VOT values 

. for the voiceless stops are considerably loijgfirr. tha^^ means wbuld be. 
Mbsiin 1976 (repbrtlt^ bh vtwb children approxilnately: 1; 4)^ and' Gilbeft. 19.77 
(reporting on data frpm six qhildren ages 2; 7 tO:\/3; 3^ also foundj' that 
children's voiteless stop means a^ than adult means w-^uld be. Zlatin. : 

: and Koenigsknecrht 1976 'report thkt'vt^^ (ages 2; 6 to" 3; D); arid . six-- 

year^blds (agesV6; 1 to 6; 11) produce shorter mean VOT values for vbiceless 
stops than do adiiits. ' , ■ ' ^ • ' / . 

, In, .'geji.eiral, as the. means' for .the voiceless stops, change, the ineans 

for the : Vbicbd stops also change in the same';' dire'ctlbni thus frequently 
becoming less ^1 Ike adult voiced stop means than iji, ;e^^ stages; this 
tandem rielatibnship holds true -^for most changes in'- m 

children appear to be in some sen|>^, exploring phpn space, possibly 
" because they a^^^^ nbt sure of the^^ pr^eCi^ 
stops (although they have i relative notion of the 'Appropriate d^^^ 
ba^ween the two members of a pair) or pbssibly simply because they cannot 
control their productions. Mbsiin and Nigfo 1976 report that for /t/ in, the. : 
. * ' • ■ " ■ - • ^ • ' ' 

ERIC : ..-i^^v^UB:^:-- : ■ : .-. 
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' speech* <)f ^iciiil'trto^ciiildi /^he VOt : values. are considerably Iphger th 
./values .{for '/^^ of L adult- to-adiilt. Thus, Qut; subjects 
latteSpting to i:a longer VOT varlUes that dbcyr ip tK^^^ 

: slncfeV- however, Moslin ahdVNigro ai so 'repdft shorter VQT's^^^f^^^^ 
:\td-c;hild:;'as cbfipared. to adult-^to--adult discourse, we^ would, need ^s^me athi?!^ 
explanation (e. g; '^xpioring^jphorietie sp^^^ to explain ■ why ^ 'bU?- sub^ecli^ ^ 
increase the VOX values for the adult voiced phonemes; j^i J! 




• In thiv stage, ythe child's yoicell^ stop- diitributipns arf ^?ide 
and flat, with extreSe values at tifies exceed^ ms. The VOT ykiues for 

the voiced stops generally cluster, ih-tfie short- lag rpioh, with, a f^^ values 
in biSth the short and the long lead regiohsfjaijid the range gen?rally^^^overiaps 
with ;M€J range' of VOT values for the correspSnding vdiceless stop, ' 
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■ ; Later in stage 1j i, .the child^heg^Si^s ;to ;,sh^^ VOT fo^r both 

the - voiced, and voiceless stops back toward tW^'idu extreme Values, 

are produced less df^^^ None of the _ch^ldre% consisten^^ npn- 
overlapping ranges, ya^^ partial/tiiist^^^^^ values provides / 

evidence for the iinpfoved discreteness vof the vb4cihg: qi^ JQvex&ll[ 
the labial stops are shorter than thev alveolar stopSr/which^ in .tutn are 
shdfter than , the velar st-ops. Ohly one child .(foib) ^/^produci^^^^^^ 
stop pairs in a fairly adult-like .mannisr. ' : • ; : ^ 

The, ttansitibri between stagjes«4f i^ 
two to fbUr^^atO^ (1; 7 to 4; 9, Jm; U^ Po 1; 9^ Tessa; and.^i? to^ ji x6 
Jane), the-'chlit^^ to produce ^he _vb4 eel es| stops' ^ witl^^long. 

-I4g .voSc?ing.)WH^^ ' the' transitiori iroin sta^e : -ll A^t^^ . 
fairly- ibrUpt^^^^^^^^ arid a half^ lrnterVai between : se_ssio.ns ^^ 5 

sfioyi / more change in' Tom' s data 'than any s^Mbsequeh't simi lat 'period ' alid 

::siinilarly for thp three week, interval between Jane's sessions 7. ;and 8 
compared tb any preceding or v-s^ week interval (Figure S).' 

■ Jessa*s alveolar data show th|^^||l:?€t^ between stages II and IIF most ; 

cleairly:" in the ten weeki:::;lett?een i and J^^Xii^: 

increased 18 is> while^iir ^tWo wjeeks^eiween Sessions ^l.i^^^ If and 

l^ri respectivel)^, the^^aean fbr /t/ inp^^ 59 ms. , (Figure ^S), ' 

' . 4. 2-.flypb^hes§s: ^ the s!kill: bii^" acquired ' ; ■■; ' ■ :., ; 

^yi^^ then is whether th^ chkhges ih :^0T se^ these data " 

>Wfiect the d^veibppent of a single .hoioge^epus skj^ of - 

two (or more) phonetic skilly.; In vthe first case, the .child may be viewed as: 
achieving a contrast by progressively length^in^^^^ VOT ; of the ^voiceless ■ 
stops; in the iecond view, the vChi id would ^ 

using on§ phonfetlc comcrbnent (sii$e-iq -and subsequently adding , a second 
phonetic component (sjt^e III) ^ both of which resulvt, in differences in VOT. 
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The case for skill; interaction is strerigtheped by • the foil owing: for the 
roost part (i^e. 'in. scve^^ df^^nine QasesX^ there is nq^ transition stage 
(i* e* _ between stages I IE and _ if Ik) in which the aeah^^ V^^ for the 

voiceless stops fall within the .ran^ adult Sean V0T values for /^tk/ 

(cfi .sections 3. 1 and 3,^ ; If we assuSe the ,chi to be using a^simprle 
algorithiD 'Iengthen_ VOT for the "voiceless stops S then we ha v^^^ the unusual 
situation in which an entire range of the VOT continuum has been skipped-— the 
range which is moreover the precise range of adult values, 

... • ■ • • ' " . ■ i' ♦ 

.If the Child, is unifbrmly^attempting to lengthen the VOT of the 
voiceless stbps^ l reasohable to assume that the abruptness of the 

change between stagey fi'^aftd 1 11^., and thus the appearance of discontinuity, 
are jargeiy.'c^^ pa'mpling interval. It Say be that at the point at 

which^the__child Begins K^^^^ stops with long lag voicing^ 

changes ocpur fairly ra|i*d^ in the child's productidn; in which cas^^ a two 
week fecording iriterVal/'Cahd bbvlbUsly a three and ^four wfeek interval also) 
is : too great a t| me interval to show tjie fuii curve of progressively longer 
mean VOT values.- Certainly, the development of mnf motor skill s show faster 
skill., improvement/ at some time periods than at others. Similarly, the 
acquisition of many motor skills show learning curves ^simiU^ to^that shown . 
in these da tajy ^a sti^ge shoeing a gradu^^ the target (stage 

II) followed b>t:;a: stage :^n wp tirget is over-shot (stage II I-A). . 

HoWe^er, it' may be that a discontinuity does exist An the 
children's '^evelQpmSrtt su that stages II and III represent the acquisition, 
of ^.different ^in^ef^^ this view^ stage III could^ correspond to" 

the childVs acqut}S.itiori :of the a^pirat^^^n .^^^^^ of aduU Voiceless Stops, • 

whereas: ^during;, the pre^^ sta!ge^ the^Qhild was usi^ different phonetic 
component to d^stihgui;Sh adult^ voiced-ofoiceless stops. £eopoId.!;^|34.7) says 
that^ his daughter ao^juired the yaiced-voiceless contrast His 
daughter ' s^cdn^5st jw^^ not adult-^jk^ however: in fiildegard'^^lp^ech, the 
adult Jvbi^ing^/|cbntr^t w the presence (in. voic^je^^tops:) or 

absence (in/y,bicg^ of "en^pgetic release*'. In our .d^ta; la'tV stage H 

(since earlyvjtage^^^^^ is pfesuip^iy not perceptible) may be similar to the 
^"energetic, f if this were the casej the 

children i^#tage;^t|v would ^ stops on the basis of a feature like 

'tenseness*, (or'bur^^^^ Another possibility would be that -stage ii 

data represel^i* thfe, cpidreri's attempt* ta reproduce solely the first formant 
dif ferenpesj^letWM^ stops (note that the mean VOT 

values fq^ythS^ range from +10 ms 

to m^, ■ th^^ apprpximate area-^Jbf Fl cutback in /adult voiceless stops). 

'k.^' l^^.^t^ diff(5rence between the two hypotheses is the following: 
'tiif'. S^ngli S^ that the child recognizes the temporal 

differs stops and attempts to achieve - this 

of the voiceless stops; the 

h ^ ^^.fe ' ' ' . ' : . ' - ■ • 

o ■ ... • ■ A'- . ■ ■ • , ■•- . 
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skill interajbtion hyppthesii' as^^ 

cpntrast down into two (or more) fa'ifly distinct p^rte^ coinponents w 
that iri stage one the child is attempting to match; one cbmpbneht ;and. in stage 
two changes his or her productions. .to ineorporate the second component; The 
first hypothesis would predict that . changes in VOT over time w^uld show, 
prbgressioh through the cbiilplete VOT cdntinuuiSj whereas the second hypothesi 
.would predict a qualitative. break ih' the changes in VOT at. sqme point on the 
cpntinuuffl. -Since the virtual absence gf transition data* in the range for 
adult /ptk/ means may be due- to' sampling interval^ arid -since changes could 
occur fairly: ibrupayv in either ithe^^single^^ -the skill interactipni 

hypotheses, we have'^.no way to conql^^^ resplve this i'ssue. It should "be' 
dbvibus, however^ that although VOT may be_ thought of al'a sirigle coritlriuum, 
it does in fact represent the cbpflatibn ofvseve^^ and,:afticulatory 
components; thus, changes in -VOT do not riecesBarily. indicate the /development 
of a single ^urideirlying skill, . , ■ - ' . 

4.3 Two models for deyelbpmeritar Sburid changes 3 - / ' - 

The speed with which the children mbve frbm stage H into stage MI 
may partially account for the *acfoss^the-bpafd* model of change discussed by 
Smith 1973. This model, which is similar in somf ways_ to the .nirieteerith. 
cerituryi rieogrammariari mbdel fbf histbrical change, claims that When a* 
phondiogical change occurs in a child's , system, "^^it does so rapidly andl 
applies to all relevant forms (cf. the neogrammarian tenet that sound changes 
Have rib exceptibris). Iri Gdritrast, the Ui^xical diffUsibri* mbdeli which was 
originally used to describe historical change! in Ehihesc, claims that 'a 
phonological . change propagates itselfi graduallj^ acr the lexicorii from 
jnbrpheme tb mbrpheme (Chen and Wang 1975^ . 2555 *. In studies of child 
phonology acquisition,, evide^ support of the latter model has been 

presented by Hsieh 1972 and by Ferguson and Farwell 1975.. The two mbdeTs 
differ primarily in predictions about both the rate of change : (rapid- versus, 
gradual) and the nature of the change (few if any lexical exceptions versus 
many lexical exceptions). Both models as use:d in the child phbriblbgy 
literat;ure would predict at least some Variability dtiririg the stage at wh-'^eh . 
a change is taking place. 0 ^ 

*"* . . 

^ - ' ■ . ' - 

Although 'the'chiidfen's phonetip acquisitio of adult-like long lag 
voicing does appear to occur quickly (stage I II -A),, we have evidence that the 
childreri are makirig a phbnblbgical cdritrast even earlierj^ that at least one 
child (Tessa) was improving this contrast throughout stage 11, and that for 
the two chiidfeh for whom we see the acquisition process^ completely (Tessa, 
and Jane), .the spread of the voicing contrast across all t^iree places bf 
artidulatibri takes apprbxiinateiy -t Since at sonie point,- the 

children's voiceless stops, move lrsti?:;t^ b6tindarij?s/'|5^ ^tfi^ adult • 

voiceless stop (stage II-B), an adult's judgment of •across-that^^^ 
is more directly a function of the categorical nature of 'the adult's 
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.^etceptib^ than a'^ifurict'ijoh of, ahr categaficai change _in the ' children 
vprodttct'ionr 'tftfisi.: f^^^^^ that the children leng^then the VOT of the 

■ yoiceiess, ^stops _ /|*roin,i:Stagj^ ■ 11 • through stage I I-BJ the description 
•aCrbss-the-bbar<^V-w^^ "iffipliesA-rapid phonological change— is erroneous. 
Since the 'across-the-^to^ applied to the changes seen at 
stage IIIA, the .mod^l^i^^ change but cannot 
account for the slbty(thi^;|bhth) ^p^ changes in the stop system as 
t whole; the gradualtiels of 'this change is predicted correctly by the lexical 
diffusion model; ,' ; >r ■ ;i ; ' 

.The data from all fcutjs^0cts^^^ that the 

phone tlx:: vvblrai^ in an^ wbtd which begins 
♦\fith that phonemei;^ provid^^^ of times. Thus, in 

/general, we ^. have . little V^Vidence. for ^^^^^^ parameter assumed by the 

lexical diffHsion models i as thi^^^^ homogeneity refutes this 

model, we have evidence for a ipdel:>wlil^^^^^^ predict the lexical 

exceptionless nature' of - the chagge^ ' asvi||^ model i^ould; 

■ Samplihg^ however, is again\ja criticiit fSc^ are confident 
that .our data 'adequa;tely repi-esent; e^ch c|iid^5;^ (see section 2. 2), " 

•'^e clearly did not record, on; each jsessidni al:^^ that the chiidren 

knew; in addition^ it is possible pat w^^ record at frequent enough 

intervals to fully docuinent t^^^ of?^ charil^?? <ef ; the ; preceding 

discussion). Thus, it may be that our method was ill^^ to provide data 

of the sort required by the lexical diffusion, mbdeiv^ . 

' . ' ':M': ''■''^^^^^ '-..:'> • .. '. ■ 

in suminaryi the generally, lexical-except^^^^^^^^ of the 

developmental changes is correctly jifedict by. th^'^ i^^ niodel, 
and the gradual spread of the phonological^' v^ the stop 

system corresponds, to the concept^ dn^ found in the lexical 

diffusion model. However, some WorSv^ appear;- to .;b^^^^^^ to the 

pattern in a particular stage (e.g. pajh, Tesia;. toy and, teddy. Jane), and in. 
one child's data long lag voiicinS mm have in 'new' words;' 

these data could be evidence for the jem^^ Similarly, the 

transition into^ stage iilA c be descfriBed asv'acirws- ■ the-board'i Thus, 
neither model is comply correct bui:both ^ha^^ elements that 

cbrrespdhd well with particular aspects qf the data reported here. 



4. 4 Additional findings 



in addition to evidence lor three stages in the acquiisitidn df 



we have sdme data on the order of 
the effect of place of articulation 



voicing in the stop system as a whole, 
acquisitidn within the system and data on 
on th^ process. For tWo of the childfeh (Tessa and Jane),' the voicing 
contrast appears first at;the alveolar,Vtfe labial and finally at the 

velar* place of articulatidn; these chilq^^^ non-overlapping 
ranges first at the alveolar place (see sections 3. 2* and 3.3). For one child 
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-lie-: ^ 

. .(Jay)i evidence f^r a cpntrast appears, in the alveolar and velar data but riot 
at all in the labial data. For^three chijdreri (Tom, Tessa and Jane), voicing 
at the velar/ place presented more difficulty than at the other twd places* 
For both Tom and Tessa^ /g/ shifted' from the short lag: region into the longer 
lag production range and thus almost into the adult perceptual boundaries for 
/k/; Jane went throug^h a short stage when /g/ was produced with extremely 
long lag' values.. For all four children^ Voicing lead was produced* 
significantly more^ of ten at the labial place of articulation (see sections ' 
3.1-3. 4) , and in general labial mean VOJ. values were shorter than alveolar 
meah§, vith velar means the longest. Clearly, place of articulation, .with ^ 
the associated aerodynamic and physiological differeSces, is aS important 
variable In the production of ^cing.^ Possibly related to the differential 
affect of place of articulation on the production of voicing is the lexical' , 
asymmetry found in the vocabularies of all four children in the earliest 
sessions. For at least one child (Jane), this asymmetry—in particular the 
low frequency of words beginning with /p/ and /g/ in her vdcabuiary-^appeared 

. to be an important factor in the acquisition of the voicing contrast itt self. 

Jhe range of individual differences with respect to, age of 
acquisition is striking. Three children acquired a relatiyeiy adult-like 
vbicihg - contrast at all three places of articulation by approximately 1; 9; 
the fourth child who was; in all other respects developing nofmaliy had not 
doriev so by 2; 4;'*^ More importantly, the cdhtrast that this child was 
mathtaining between VditY and /g: k/ most likely could not have been detected 
by parents or bther .adults; 'Similarly, the ear^ contrasts of two other 
children (at .approximately 1; 5 Tessa ahd^ i;8 Jane) and possibly the first- 
contrast of the third other child .($t least by 1; 7 ToBi) presumably would not 
have been reliably detected by adults. 



in conclusion then^ the voicing contrast appears to be learned very 
early: evidence that children have acquired the apprppriate phbhblogical 
contrast may^ be found, in the productions of children as young ; as 1; 5,, 
However, ■ it may take up to eleven months before the children's productions 
improve to the; point where the contrasts that the children ate makihg may be 
perceived by adUlts. ■ /Cbnsiderable^ progress tbwai^d the production of an 
adult-like voicing contrast is! typically made 'by the age of :2; 0, altjjough 
there are ' striking individual differences. Although considerable progress is: 
usually made by 2;0, it may be many, months (or even years) before children 
acquire suff icient -aTU skill to consistently produce adult-like 

voicing (Zlatin and 1(oehigsknecht i976;^Silbeft 1977). / 



"isr fFe^^fbUtth^lThild acquired an adult-like contrast by at least 2; 6. 19 
(see^sectib^ 3.4). Gn the basis of the_ transcriptions, the^ fifth child 
recorded had acquired ^n aduit-^iike contrast at all three places of 
articulation by at least 1; 6. 27, her first recording session; 
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